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I. INTRODUCTION 


RATOON stunting disease, a mysterious retarding of growth in sugarcane 
ratoon, was first noted in Q 28 in Mackey District, Queensland (Australia) 
in 1944-45, and has since been recorded in 19 countries scattered all over 
the world,! India also being one of them. It was reported to have been 
spotted at Gola gokaran nath (Distt. Kheri) in Uttar Pradesh by Prof. S. P. 
J. Chilton during his visit to this country in 1956.5 In Bihar where ratoons 
of sugarcane are poor, it was suspected that they suffered from this disease. 
Investigations were, therefore, taken up to see whether or not the poor growth 
was due to the disease and are reported in this paper. 


II. NATURE OF THE DISEASE 


The latest findings on the disease in other countries are summarised 
below :— 


(a) Symptoms.—Thé symptoms of the disease are nebulous because the 
effect of the disease can be measured to some extent only in large populations 
and are so ill-defined that “‘ as yet there is no way by which the presence or 
absence of the ratoon stunting disease can be positively ascertained in indi- 
vidual stalks of sugarcane in field conditions in Louisiana’.!° The crop as 
a whole shows retarded growth with deficient root system and has poor stand 
due to the deterioration of lateral buds. As a result the number of stalks 
per stool is reduced in some varieties, The decline in yield is clearly visible 
even in the very first season after infection and the yield goes down by as much 
as 10-7 tons in crop and 20-3 tons in ratoon.’ 


Even these indications of the disease are masked to a great extent if the 
variety happens to be tolerant as was the case with Q 50® and Co. 301, Co. 
281, Co. 331 and N: Co. 310. though infected, were not found to show any 
appreciable reduction in yield in Natal. There is no difference between the 
juices of healthy and diseased crops so far as their sugar content is concerned.® 
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Individual stalks in an infected crop would be slender and somewhat 
shortened without any apparent reduction in the length’® and girth® of inter- 
nodes. Under unfavourable conditions of growth, the leaves may show 
very slight chlorosis. They may be abnormally stiff and erect.1! Internal 
tissues also do not give any indication of the disease except that vascular 
bundles, especially the larger leaf-traces, show orange-red to brown-orange 
discoloration at the level of entrance into the nodal region. It is brought 
about by the formation of gummy substances which block xylem vessels 
and disorganize the phloem.* Reddening of vascular bundles, though found 
to be a fairly reliable indication of the disease in Queensland,*® was often faint 
or variable and was masked by red rot infection or borer damage in Louisiana. 
But in Southern Florida where sugarcane is grown on muck soil, it was in- 
intense and easily recognizable.” Further, these discoloured vascular bundles 
are found only in the lower portions of relatively mature stalks. Young 
diseased shoots of plant crop, though not consistently of a ratoon, when 
split longitudinally, would show an unmistakable general salmon-pink colour 
in nodes up to half an inch of the growing point. Some varieties parti- 
cularly Q 28 and Q 44 develop this symptom within about two months of 
planting, when stalks hardly 2 inches long, have not even emerged. Finally 
the disease may not manifest itself in this way in secondary shoots at all.® 
Obviously a symptom which is dependent on so many factors to appear, as 
the discoloration of vascular bundles seems to be, is not likely to be a reliable 
diagnostic feature to go by. 


Besides this disease, other unfavourable conditions of growth, such as 
submeigence, high alkali contents of soil and draught also bring about the 
formation of gummy substances within vascular bundles and their dis- 
coloration. 


(b) Causal agent.—The disease has been found to be due to infection 
by a virus which does not show itself, in various preparations of diseased 
sap under ultraviolet absorption, spectrophotometer and electron microscope 
and is not easy to separate by the more common methods of virus purification. 
It passes through a No. 41 Whitman filter-paper when in high concentration 
but is retained by a ‘“‘ Chamberland I.F.” filter candle.* It has not been 
possible yet to demonstrate the virus serologically.® 


The virus is present in all parts of infected sugarcane plant, i.e., stem, 
leaves and roots in more or less equal concentration. It is easily transmitted 
by inoculating diseased sap into setts, young growing stems and roots of 
young plants® and produced distinct symptoms of the disease after five 
months.!2_ Since the sap is infective even at such a high dilution as | : 10,000, 
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the disease is transmitted in nature by harvesting knives which have been 
used before for cutting infected stalks.*.44 Even rats were found to transmit 
the virus.!? 


III. MATERIAL AND METHODS 


In view of the fact that the disease was most likely to be pronounced 
in the stunted ratoons, survey of such crop was undertaken at ten places dis- 
persed over the white sugar belt of the State and discoloration of vascular 
bundles at nodes in all canes found in at least five clumps of as many varieties 
as available was noted. 


Since it was not possible to test the presence of virus by transmission 
study, nor to make quantitative observations on the occurrence of discolored 
vascular bundles in all the varieties found at these places, detailed work was 
confined to only those available at Hassanpur (District Dharbhanga). Small 
stunted canes of six varieties from that place were treated as given in Sec- 
tion IV and planted under optimum conditions of growth for two years. 
Also representative samples were taken for anatomical work from different 
treatments. Hand sections were taken in very close proximity to the nodes 
and after staining with Safranin and dehydration, were mounted in Canada 
balsam. The percentage of discoloured vascular bundles was found in 
different treatments. For comparison their normal material collected at 
Pusa was also given similar treatments. 


IV. OBSERVATIONS AND RESULTS 


A. Survey of the crop.—Observations on the standing crop were made 
from 12th February to 4th March 1955, on 26 varieties in reserved areas of 
eight factories and at Pusa and Patna. Five to ten clumps showing stunted 
growth but free of diseases and insect-pests were selected for each of the 
more common varieties available at these places. All the canes in them were 
split longitudinally and nodes were examined carefully for typical discolora- 
tion of vascular bundles. In very large number of cases the nodes were 
found to show no discoloration whatsoever (Table I). Only at Majhaulia, 
Motihari (both in Champaran District) and at Motipur in Muzaffarpur 
District, orange-coloured vascular bundles were met with in some varieties, 
the percentage of nodes with such bundles being below 5%. In B.O. 17 and 
B.O. 30 ratoons (not given in Table I) at Majhaulia however, 6-8% and 
12-6% of nodes respectively were found to show discoloured vascular bun- 
dies. Apart from the absence as a whole, of discoloured vascular bundles in 
the nodal region, stalks were reduced not only in length but also in girth 
whereas reduction was brought about in the former only by the ratoon 
stunting disease which does not affect the girth of cane. 
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TABLE I 


Survey of sugarcane crop made for ratoon stunting disease 
(Number of nodes examined) 

































































| | 
| | a ‘ 
a Plan -\N - - . ie . - 
Varieties*® ne eval Pusat) Patna peo agen ar Lan Most Moi Guraru cone 
| 
| | 
B.O. 10 Plant 391 | 254 | 660 ee os 521 wa oe ‘ 
Ratoon os ee ee ee 204 ee es ee *e es 
B.O. 11 Plant 1481 | 325 ** 525 ee “ . rn 370 | 227 
304 183 
Ratoon os | .o 436 | .. -— _ ° ee 
6t | 2 
B.O. 14 | Plant ae) oe ee ee ee ee on |e - 
Ratoon as oe 853 ee o | << oe és ee 
B.O. 15 Plant 537 | -_ ms «- | 734 oe an 520 
Ratoon - | as * ‘ 4 ee wa * 484 
B.O. 17 | Plant 320| .. a -- | 698 om = a 261 
| 237 | 194 
Ratoon i ee 577 ee —-| .. —=— | § oe “* 473 
16 | 1 | 
B.O. 21 Plant 500 | 554 - oe oe | 68 ae 262 
422 | 164 
Ratoon 805: .. ee oe | — —_ ee *e 
| 3 . 
B.O. 22 Plant 526 | ‘a 820 | 1356 | . ee | ee ~ -. oe 
207 | | 
Ratoon a 589 oe Tes ee a a ee | 465 
| 3 
B.O, 24 Plant ~~ 341 ee 496 | ee oe oe ee ee | 320 
| | 383 
Ratoon e+ | se os : _ | 483 
| | 12 
B.O. 28 Plant * 303 “a 529 | ° 487 oe ee 
Ratoon Sil | .- | oie ta o- ° 
B.O. 29 | Plant 894 1264 | 455 | .. 231 
| | 436 
Ratoon sit ate | 680 | “id —- ws ee ee ee 494 
1 
Co. 453 Plant | 298 611 | 735 576 as ‘“ ee e 290 205 
; Ratoon es . 605 555 oe ee oe ee 329 
Co. 5)3 | Plant 906 392 ae a on 475 | os 
| Ratoon <* | ; «+ | 336 aa | 
| ' 








* Varieties on which observations were made at less than three places have been omitted. 
+ At Pusa, upto 20 clumps were taken in some varieties. 


¢ Lower figure in this column and others indicates the number of nodes with discoloured 
vascular bundles. 


B. Experimental work.—An experiment was laid out to test the pre- 
sence of the virus in stunted canes (i) by treating the setts with hot water at 
52° C. for 2 hours before planting!® and (ii) by dipping for 5 minutes each 
cut-end of setts from normal material in the juice of stunted canes of the 
same variety. Material from stunted and normal canes was planted on 
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29230-4-1955 as controls for (i) and (ii). Normal material was also 
given hot-water treatment to compare its effect with that on stunted material. 


In 1956-57, all the five treatments were ratooned on 12-4-1956, and 
material from the first four treatments was also planted the same day with- 
out any treatment. As regards the fifth treatment its material was planted 
both without any treatment and also after hot-water treatment. Thus there 
were in all 16 treatments as given in Table II. 


Stunted material of six varieties namely Co. 331, Co. 453, Co. 513, B.O.11, 
B.O. 21 and B.O. 22 was collected from Hassanpur factory reserved area in 
Darbhanga District and planted after measuring the length and diameter of 
the canes. Normal material of all the six varieties except Co. 331 (not avail- 
able) was taken from Pusa Farm. Both the kinds of material were given 
similar and optimum conditions of growth for two seasons. Each year, 20 
mother shoots in plant crop and best developed tillers in ratoon were tagged 
for growth measurements, which were taken fortnightly till the beginning of 
winter. Averages of the final observations for length and diameter are 
presented in Table II. 


Stalks formed in the stunted material whether planted as such (Treat- 
ment I) or after hot-water treatment (Treatment II) were longer and thicker 
than the original material collected at Hassanpur except in B.O. 21 in Treat- 
ment I in which the mother shoot of the only clump died after 5-10-1955. 


‘On being ratooned in 1956-57 season, there was further appreciation 
both in the average length and diameter of stalks of all the varieties except 
B.O. 11 in Treatment II which happened to grow on the edge of the experi- 
mental plot. The plant crop raised from seed taken from both the treatments 
was much superior to the original material and definitely better than the 
crop raised from the latter in 1955-56 (Table II, Text-Fig. 1). 


A comparison of the stalks formed in Treatments I and II in 1955-56 
and their plant and ratoon crop in 1956-57, shows that increase in size of the 
stalks was more or less of the same order in corresponding treatments. 


It would thus appear that the original material when given optimum 
conditions of growth made up the reduction in size brought about by lack 
of proper environment. Greater increase effected by hot-water treatment 
in Co. 331 and B.O. 11 was due to its stimulatory rather than curative action. 
Stalks of Co. 513 and B.O. 22 in this treatment were smaller than those of 
Treatment I while in Co. 453 they were equal in size in both the treatments. 


The behaviour of the normal material was more or less similar to that 
of the stunted material so far as this treatment was concerned. Stalks of 
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Text-Iic. 1. Length and Diameter of Stalks in Ratoon Stunting Disease (?) Experiment. 


Co. 453, Co. 513 and B.O. 22 in Treatment IV were distinctly longer than 
those formed in Treatment III while those of B.O, 11 and B,O, 21 were more 
or less equal in both the treatments, 
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In Treatment V in which stalks should have shown a reduction in size 
if the juice were infective, they were longer than those of Treatment III in three 
varieties, viz., Co. 513, B.O. 21 and B.O. 22 but shorter in B.O. 11 and 
Co. 453. 


In 1956-57, the ratoon as well as plant crop raised from seed taken from 
Treatments III, [V and V showed a general decline in the stalk-size except 
in Co. 513 and B.O. 22 in Treatment XI and in B.O. 11 in Treatment XIV. 
Stalks formed in Treatment XVII were also smaller than those found in 
Treatment XVI (Table II, Text-Fig. 1). The general decline in the size of 
stalks in all treatments in 1956-57 plant crop was due to its being raised on 
a piece of land which had cane crop in 1955-56. 


C. Anatomical study.—In transverse sections taken through the transi- 
tional region between node and internode and through the latter just below 
that region (Pl. I, Figs. 1 and 2), xylem vessels and phloem, more often 
together (Pl. I, Fig. 3), were found choked to varying degrees with a sub- 
stance which was insoluble in water, acetic acid, alcohol, xylol and clove oil, 
similar substance being present in isolated parenchymatous cells (PI. I, 
Fig. 4). A study of the average number of vascular bundles and of the 


percentage of those blocked per microscope field (5-31 sq. mm.) shows that 
the latter was found to be higher in the stunted than in the normal material 
in B.O. 11 and B.O. 21, lower in Co. 513 and almost equal in Co. 453, it 
being not comparable in the case of B.O. 22 (Table III, Text-Fig. 2). 
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TexT-Fic, 2, Discoloration of Vascular Bundles. 








10 K. L. KHANNA AND OTHERS 
TABLE III 


Percentage of blocked vascular bundles. in different treatments 

















| 
| Collected in April 1955 Collected in April 1956 
: Average | Average 
Variety No. of | % of | + No. of | % of Remarks 
Nature of | vascular | blocked | oe vascular | blocked 
material | bundles | vascular 1956-66 bundles | vascular 
{ in 5-31 | bundles in 5-32 | bundles 
| | $q. mm. sq. mm. 
ae ee: a : : > siideiadcoeaiael 
Co, 453 ..| Stunted 9-4 | 36-2 I | 15-5 | 226 | 
| II | 6-6 | 27-2 | 
Normal | 63 33-3 III 8-1 38-5 
Vv 8-4 25-4 
Co. 518 ..; Stunted | 12-8 | 15-6 a 
Normal 7-0 | 64-3 | mI 8:6 | 27-9 
Vi | 86 | 22-0 
BO. Il ..| Stunted | 21-0 | 47-7 > far - 
Normal | a 39-0 + | 34 174 
B.O. 21 ..| Stunted 9-5 52-6 Se ii *° 
III | 73 37*2 | 
Normal 72 25-6 Vv 8-9 | 29+6 
BO. 22 ..| Stunted 11-5 64-1 I 10-5 45-2 | Not comparable because 
II 17-0 | 353 stunted material belong- 
Normal 6-3 36-0 III 7-4 | 37°8 | ed to Co. 285 and 
} Vv 8-8 37-1 | normal B.O, 22 











After one year’s growth under optimum conditions, their percentage 
went down in Co. 453 and B.O. 22 (as collected from Hassanpur) in Treat- 
ments I and II. 


In the material collected from Treatment III, it was more or less equal 
to that in normal material of Co. 453 and B.O. 22, but was higher and lower 
respectively in B.O. 21 and Co. 513. In Treatment V, where this should 
have gone up, due to infection with the virus, it was lower in Co. 453 and 
B.O. 21 than in Treatment III and equal in the case of B.O. 22 and Co. 513 
in both the treatments. As compared with the normal material, it was less 
in Co. 453, Co. 513, B.O. 11, equal in B.O. 22 and greater in B.O. 21. It, 
therefore, appears that Treatment V did not bring about any increase in the 
percentage of blocked vascular bundles, 
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VY. DISCUSSION 


From Table I it would appear that the survey of crop covered fairly 
wide field both with respect to varieties and its area. The percentage of 
nodes with discoloured vascular bundles was almost negligible and these too 
were confined to varieties released very recently, while varieties like Co. 453, 
Co. 513, B.O. 10, B.O. 11, given out for general cultivation respectively in 
1947, 1940, 1947 and 1948, were free of them. In view of the poor standard 
of farming in general, the cultivator being ignorant of and without any means 
to practise a measure like sterilizing, harvesting implements to prevent 
infection of seed material, it is hardly likely that these varieties would escape 
infection during the course of 8-12 years. Further, the synergistic factors 
like draught,’ flooding and water-logging which lower the resistance of the 
host and reflect themselves in poor growth and yield as well, are operating 
year after year. The environment coupled with climate over the whole of 
sugarcane-growing tract is so conducive for the spread of a virus disease like 
ratoon stunting disease, that once it enters the area, there is no natural factor 
to prevent it from assuming alarming proportions. 


These observations coupled with the general reduction in the size of 
stalks, i.e., both in the length as well as in the girth, as distinct from that in 
length only, brought about by the ratoon stunting disease,*® do not appear to 
indicate the presence of the disease in the areas surveyed specifically for this 
purpose. Also, regular routine observations for almost two decades on 
crop grown under various edaphic and climatic conditions and different 
standards of cultivation of State-owned farms on one hand and that of culti- 
vators’ plots on the other, have not suggested the existence of such a disease 
in this State. 


The poor growth of ratoons generally met with in this State appears to 
be due to lack of proper conditions of growth rather than to the infection 
with the virus because if the stunted material were suffering from this disease, 
there should not have been any appreciable increase even when it was given 
optimum conditions of growth. On the contrary, stalks gained in size to 
various extents in the stunted material without any treatment (Treatment 1), 
the increase being of the order of 48-4% and 66-6% in length respectively 
in Co. 453 and Co. 513 and nearly 30% in girth in both the varieties in the very 
first year. Its ratoon in the ensuing year showed still further increase in size. 
Moreover, there was nothing to suggest that hot-water treatment had any 
curative effect because its effect was not consistently beneficial as was found 
to be the case elsewhere also.* Stalks cf Co. 513 and B.O. 22 were longer in 
Treatment I than in Treatment II, those of Co. 453 being equal in both the 
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treatments. The general pattern of behaviour of stunted material was similar 


in these two treatments (Text-Fig. 1) thus showing thereby the absence of the 
disease. 


Finally, the failure of juice of stunted stalks to transmit the virus (if 
at all present in them) to normal material (Treatment V) gave conclusive 
evidence of its absence especially when virus was found to retain its infectivity 
at as high a dilution as 1: 10,000. Instead of showing any reduction in size, 
the stalks of Co. 513, B.O. 21, and B.O. 22 showed appreciable increase in 
length. Also, material from this treatment was not found in the succeeding 
year to be in any way, worse than that in Treatments III and IV (Text-Fig. 1). 


The anatomical study too did not give any indication of the presence 
of the disease in the stunted material. No doubt, the percentage of choked 
vascular bundles in Co. 453, B.O. 11 and B.O. 21 was greater in stunted than 
in normal material though reverse was the case in Co. 513. But its fall in 
Treatment I gave additional evidence of stunting being due to adverse con- 
ditions of growth. Similarly, the behaviour of normal material also did 
not suggest that the presence of discoloured vascular bundles was an indica- 
tion of this disease alone, because their percentage was, on the whole, res- 


pectively greater and less in Treatments III and V than in the normal material 
(Text-Fig. 2). 


On the basis of these investigations, namely survey of crop, experimental 
work in field and anatomical study in laboratory, it may be, for the present, 
stated that there is little likelihood of the disease being present in this State. 
Still a careful watch is being maintained to locate the disease within the 


State for which regular observations on crop are made throughout during 
these years. 


VI. SUMMARY 


1. The latest findings about the disease as regards its symptoms and 
causal agent are summarised. 


2. Observations made on 26 varieties in 8 factory reserved areas and 
Research Farms at Pusa and Patna in February-March 1955 showed that 
its two main symptoms, namely the discoloration of vascular bundles at 
nodes and the reduction in length of stalks without a corresponding decrease 
in their girth, were generally absent. 


3. Experimental work with the stunted material of six varieties showed 
that (a) it gained both in length and girth of stalks when it was planted with- 
out any treatment but given optimum conditions of growth and (d) that 
the juice of these stunted canes failed to transmit the virus to healthy material. 
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4. (a) The percentage of blocked vascular bundles also fell when the 
stunted material was grown under favourable conditions and (b) there was 
no rise when healthy material was brought in close contact with the 
diseased (7?) juice. 


5. It may, therefore, be stated for the present that there is little likeli- 
hood of the disease being present in the State. Careful watch, however, 
is beeing maintained. 


Search for Ratoon Stunting Disease of Sugarcane in Bihar 
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INTRODUCTION 


IN a previous paper (1954) we had emphasised the economic importance of 
Ichneumonidz family whose members attack many injurious insect pests of 
Agricultural Crops in the field and grain in storage. In the same paper 
we had stated that very little or practically no work had been done in India 
since Morley (1913) wrote his Fauna of British India Hymen, Vol. Ill, about 
four decades ago. In an earlier paper (1953) we had stated that Morley in his 
fauna volume dealt with only three subfamilies namely Pimpline, Tryphonine 
and Ophionine. It was his intention to treat the two other subfamilies, 
namely, Geline (= Cryptine) and Ichneumonine in a_ separate volume; 
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but unfortunately this did not come out. So the treatment of these two 
subfamilies on the most modern trends of taxonomic research has become 
a necessity because unless we have a classification and key for the various 
tirbes, genera and species it is not possible to make any headway in this 
important entomophagous group of insects. In the following pages we have 
given a key to the tribes that we have erected, namely Gelini (= Cryptini), 
Echthrini and Mesostenini. We have also discussed the raisond’ etre for 
the creation of these tribes dealt with in this paper. 


ZOOLOGICAL NOMENCLATURE 


International rules on Zoological Nomenclature as supplemented by 
opinions form the basis of this systematic work. One nomenclatorial change 
that we have adopted is to base all supergeneric names on the oldest included 
genus. By critical study it has been found that the name of the subfamily 
Cryptine (of previous authors upto 1950) must be changed into Geline as 
Cryptus was preoccupied by Jurine (1801) but Cryptus Jurine (1801) has 
been set aside by the International Commission on Zoological Nomenclature 
in opinion 133 (1939). As the generic name Cryptus was made nomina Con- 
servanda, the name Cryptine remained as given by Townes in his Catalogue 
and Reclassification of the Nearctic Ichneumonidae (1944). But in 1951 
Muesebeck, Krombein, Townes and others in the U.S. Dept. Agric. Mono- 
graph, 2 (1951) have said ‘ This Trachysphyrus Haliday genus in Holarctic 
region has commonly gone under the name Cryptus. In the Southern por- 
tion of South America is a large group of species similar to Holarctic Cryptus, 
but which, because of a peculiar metallic block or blue coloration has gone 
under the generic name Tachysphyrus. A more natural grouping is to 
merge the two genera as one and since the name Cryptus Fabricius 1804 is 
preoccupied Trachysphyrus Haliday is the correct name of the resulting genus.’ 
Gelis Fhunberg (1827) is an older genus than 7rachysphyrus Haliday (1836). 
As the names of supergeneric groups are based on those of the oldest included 
genus, the subfamily Cryptine is changed into Geline. 
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of the key. We wish to thank Dr. B. P. Pal, Director, Indian Agricultural 
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ARRANGEMENT 


Superspecific classification and ‘ Trivial nemes ’ have been adopted from 
Muesebeck et al. (1951) and described accordingly. 


Superspecific classification Attempts have been made to record all the 
forms with their synonyms, described from or known to occur in India. The 
arrangement is systematic for genera and higher groups so far as our present 
knowledge and limitations of linear arrangement permit. The generic con- 
cepts represented in this arrangement rest upon what are believed to be correct 
designation of type species. In each instance the type of the genus is cited 
together with authority for its selection. Subfamily, tribe and generic syno- 
nymy are included under subfamily, tribe and generic headings. In the case 
of genera their distribution is given. 


Trivial names.—Within genera the species and the varieties if any under 
each species have been alphabetically arranged. As in the case of the genera, 
the distribution of the species have also been given. 


PRESENT POSITION OF INDIAN GELINZ (= CRYPTINZ) 


As mentioned before, Morley did not treat the subfamilies of Geline 
(= Cryptine) and Ichneumonine. Very little taxonomic work of import- 
ance has been done on Indian Ichneumonide since Morley wrote his Fauna 
of British India Hymen, Vol. III (1913). There is no published record of any 
kind which can form a basis for the classifications of these subfamilies. 


_ The absence of any work treating exclusively Indian Geline (= Cryp- 
tine) has been felt more keenly within recent years. The identification of 
parasites belonging to this subfamily is almost an impossible task without 
the keys and an exhaustive Catalogue. There is no published record of 
any kind that can form a basis for the classification of these subfamilies. 
So the initiation and completion of this project was not an easy task. 


Much time was spent in consulting different Catalogues and revisional 
papers, published by eminent taxonomists on Indian Cryptine. As stated 
in our previous paper [Indian J. Ent., 321, 15 (4), 1953], Pimpline of Morley is 
a most heterogeneous group. The genera Agenora Cam., Echthrus Grav. and 
Torbada Cam. were included in the tribe Xoridides of the subfamily Pimpli- 
nz by Morley (1913). One is at a loss to know how these insects with meso- 
pleura sulcate below, abdomen petiolate elongate and slender, petiolar spi- 


racles subcentral or teyond centre, apices of antenne subincrassate and 
Rm 
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with large pentogonal areolet could be placed in the subfamily Pimplina, 
as he defined. They are doubtless more closely related to subfamily 
Geline (= Cryptine) than to Pimpline. 


BASIS FOR FORMATION OF KEY TO TRIBES 


In the preparation of Key to the tribes we have taken special care to see 
that they embrace most of the available characters. It must be emphasised 
here that in Ichneumonide there is not a single character that distinguishes 
one tribe from other. We have only a combination of certain definite charac- 


ters, which when taken and studied together distinguishes one tribe from 
another. 


In the preparation of a Key to tribes we have followed Townes and Luella 
M. Walkley classification, but have made changes where recent advances 
in our knowledge of Ichneumonide warrant these minor changes. 


KEY TO TRIBES 


The members of the following tribes have posterior transverse meso- 
sternal Carina interrupted in front of each middle Coxa or present only at 
the sides of the mesosternum. 


Second recurrent vein with two bullz or rarely with one, always sloping 
outwards posteriorly so that the posterodistal corner of the second discoidal 
cell is somewhat longer and more pointed than the anterodistal corner; 


propodium usually completely areolated; face of male rarely marked with 
white or yellow... .Gelini. 


Second recurrent vein with single bulla, not sloping outwards posteriorly, 
meeting with the subdiscoidal vein at right angle; face of male frequently 
marked with white or yellow... .2 


2. Metanotum with posterior sublateral projection opposing the front 
end of the sublateral longitudinal Carine as well as transverse Carine, or in 
some females only transverse Carine present but in these the basal trans- 
yerse Carina is weak or absent and the apical transverse Carina strong .... 
Echthrini (= Aptesini). 


Metanotum without a posterior sublateral projection; propodeum with- 
out longitudinal Carina except rarely (longitudinal Carine sometime present 
in male); if only one transverse propodeal Carina is present it is the basal 
rather than apical one .... Mesostenini (= Cryptini). 
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Tribe 1. GELINI (= HEMITELIN}) 


Gelini is the tribe Hemitelini of previous authors. In this are also 
included the earlier tribes Gelini, Phygadeuonini and Stilpnini. Echthrini and 
Phobetini that were originally included in Hemitelini have been raised to 
the rank of new tribes and separated from Gelini. The name of the tribe 
is based on the genus Gelis Thunberg in which the females are generally 
apterous. Recent studies have indicated that species having wings in 
both the sexes should also be included in this tribe, though from the point 
of view of convenience the absence of wings can be a convenient character. 
In this particular case we cannot use the character to separate a natural tribe. 
So the Gelini and Hemitelini have been combined. It must be emphasised 
that the absence of areolet in the wings which was considered by earlier workers 
as a major tribal character in Hemitelini is an artificial one. Genera 
and species that are closely related in several other important characters 
differ in the only character of the presence or absence of areolet. This only 
emphasises the importance of basing the classification on a number of impor- 
tant characters rather than to base them on one single character. In many 
Indian species the second intercubital vein is present. In several species 
however it is present only in various degrees of vestigial development. If 
we reject the importance of this single areolet character there is no other 
character that divides the tribe Hemitelini of the previous authors and the 
Phygadeuonini. So Phygadeuonini and Hemitelini must be merged with 
Gelini. The Stilpnini in several morphological features and host relation- 
ship resembles the members of the tribe Gelini. So in these studies Stilpnini 
has been included though it has been noted that the intermediate genus 
Canomeris Forst can be distinguished from the other genera in this group on 
the propodeal character; but-there can be little doubt that it is far wiser to 
base our classification on broad-based foundation of several characters rather 
than on a single character. 


The members of the tribe Gelini parasitise different kinds of hosts, 
belonging to the orders Lepidoptera, Coleoptera, Diptera and Hymenoptera. 
Several of them are secondary parasites also. 


Systematically arranged Catalogue of the Indian Species 
Subfamily: GELINAZ (= CRYPTINZ) 
Cryptoida@ Forster, Syn. Fam. U. Gatt. Ichneum., 186, p. 144, (1868). 
Cryptide Thomson, Opusc. ent., fas. 5: 467, (1873). 
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Cryptine Cresson, Syn. Hymen. N. Amer., p. 42, (1887). Ashmead, 
Smith, Insects of New Jeresy, p. 568; Class Ichn. fillies, p. 24, (1900); 
Proc. U.S. nat. Mus., 23: 24, (1900). Dalla Torre, Cat. Hymen., 3: 
549, (1901-02). Schmiede-Knecht, Genera Insect., fas. 75: 1, (1908). 
Morley, Ichn. Brit., 2: 1, (1906). Dutt, Mem. Dep. Agric. India Ent., 
8 (2): 22, (1923). Townes, Mem. Amer. ent. Soc.,11(1): 170, (1944). 


Tribe 1. GELINI (= HEMITELINI) 


Hemiteloide Family Forster, Verh. Naturh. Ver. Preuss. Rheinl., 25: 
144, 173, (1868). 


Hemitelina tribus Thomson, Opusc. ent., fas. 25: 468, (1873); fas. 10: 
967, (1884). 


Hemitelini Ashmead, Proc. Ent. Soc. Wash., 3: 278, (1894); Smith’s 
Insects of New Jeresy, p. 569, (1900); Proc. U.S. ent. Mus., 23: 31, 
(1900). Dalla Torre, Cat. Hymen., 3: 639, (1901-02). Schmiede- 
Knecht, Genera Insect, fas. 75: 3, (1908). Morley, Ichn. Brit., 2: 
109, (1906). Townes, Mem. Amer. ent. Soc., 11(1): 170, (1944). 


Phygadeuontoide@ Forster, Verh. Naturh. Wer. Preuss. Rheinl., 25: 144, 
181, (1868). 


Phygadeuonina Thomson, Opusc. ent., fas. 5: 468, 517, (1873). 
Schmiede-Knecht, Genera Insect., fas. 75: 68, (1908). 
Phygadeuonini Ashmead, Proc. ent. Soc. Wash., 3: 278, (1894). 
Schmiede-Knecht, Genera Insect., fas. 75: 68, (1908). 


Pezomachoida Forster, Verh. Naturh. Ver. Preuss. Rheinl., 25: 145, 
(1868). Schmiede-Knecht, Genera Insect., fas. 75: 115, (1908). 


Stilpnina Thomson, Opusc. ent., fas. 5: 468, (1873). 


Stilpnini Ashmead, Proc. ent. Soc. Wash., 3: 278, (1894). Schmiede- 
Knecht, Genera Insect., fas. 75: 123, (1908). 


Phygadeuonides Mor'ey, Ichn. Brit., 2: 1, (1906). 
Stilpnides Morley, Ichn. Brit., 2: 240, (1906). 
Pezomachoides Morley, Ichn. Brit., 2: 177, (1906). 
Gelini Muesebeck, Krombein, Townes and others, U.S. Dep. Agric. 
Monograph, 2: 231, (1951). 
PHYGADEUON Gravenhorst 
Members of this genus are parasites of muscoid Diptera. 
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Phygadeuon Gravenhorst, Ichn. Eur. 2: 635, (1829), (Type of genus: 
Phygadeuon flavimanus Gravenhorst). Schmiede-Knecht, Genera 
Insect., fas. 75: 81, (1908). Morley, Jchn. Brit.,2: 71, (1906). Dutt, 
Mem. Dep. Agric. India Ent., 8: (2): 24, 1923. Townes, Mem. Amer. 
ent. Soc., 11(1): 219, (1944). Muesebeck, Krombein, Townes and 
others, U.S. Dep. Agric. Monograph, 2: 247, (1951). 


Habromma Forster, Verh. Naturh., Ver. Preuss. Rheinl., 25: 181, (1868). 
New synonymy. 


Isochresta Forster, Verh. Naturh., Ver. Preuss. Rheinl., 25: 181, (1868). 
New synonymy. 


Homelys Forster, Verh. Naturh. Ver. Preuss. Rheinl., 25: 182, (1868). 
Preoccupied by Meyer, 1844. 


Plesignathus Forster, Verh. Naturh. Ver. Preuss. Rheinl., 25: 183, (1868). 
Zaphleges Forster, Verh. Naturh. Ver. Preuss. Rheinl., 25: 184, (1868). 
Ceratophygadeuon Viereck, Canad. Ent., 56: 110, (1924). 


bitinctus Gmel. 


Phygadeuon bitinctus (Ichneumon. G) Gmel., Linn. Syst. Nat., Ed. 13, 
p. 2719, (1790). Morley, Ichn. Brit., 2: 74, (1906). Schmiede-Knecht, 
Genera Insect., fas. 75: 85, (1908). 


labialis Cameron. 
Phygadeuon labialis Cameron, Trans. Ent. Soc. + Asia: Khasi Hills. 
Lond., p. 121, (1904). g*. Schmiede-Knecht, 
Genera Insect., fas. 75: 86, (1908). 
latiannulatum Cameron 
Phygadeuon latiannulatum Cameron, Trans. Ent. + Asia: Khasi Hills. 
Soc. Lond., p. 119, (1904). g'. Schmiede- 
Knecht, Genera Insect., fas. 75: 86, (1908). 
longicornis Cameron 
Phygadeuon longicornus Cameron, Mem. and Proc. ' Asia: Khasi Hills. 
Manchester Lit. Philos. Soc., 47 (14): 49, (1903). 
dé). Schmiede-Knecht, Genera Insect., fas. 75; 
$7, (1908), 
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pallidinervis Cameron 


Phygadeuon pallidinervis Cameron, Trans. Ent. 
Soc. Lond., p. 121, (1904). 9. Schmiede- 
Knecht, Genera Insect, fas. 75: 88, (1908). 

pulchripes Cameron 

Phygadeuon pulchrips Cameron, Mem. and Proc. 
Manchester Lit. Philos. Soc., 47 (14): 46, 
(1903). Schmiede-Knecht, Genera Insect., fas. 
75: 88, (1908). 

parviceps Cameron 


Phygadeuon parviceps Cameron, Mem. and Proc. 
Manchester Lit. Philos. Soc., 47 (14): 48, 


(1903)!. Schmiede-Knecht, Genera Insect., fas., 
75: 88, (1908). 


striatifrons Cameron 
Phygadeuon striatifrons Cameron, Trans. Ent. 
Soc. Lond., p. 120, (1904). 
variabilis Gravenhorst 
Phygadeuon variabilis Gravenhorst, Ichn. Eur.,2: 
705, (1829). ¢g. 9. Schmiede-Knecht, Genera, 
Insect., fas. 75: 89, (1908). Dutt, Mem. Dep. 
Agric. India Ent., 8 (2): 24, (1923).? 
LINYCUS Cameron 


Linycus Cameron, the Entomologist, p. 234 (1903), 
(Type of genus: . Linycus rufipes Cameron). 
rufipes Cameron 


Linvcus rufipes Cameron, the Entomologist, p. 234, 
(1903). Q'. 


CNEMOCRYPTUS Cameron 


Cnemocryptus Cameron, Mem. and Proc. Man- 
chester Lit. Philos. Soc., 47(14): 38, (1903), 


(Type of the genus; Cnemocryptus validicornus 


1 Asia: Khasi Hills. 


1 Asia: Khasi Hills. 


1 Asia: Khasi Hills. 


1 India; Murree 
Hills. 


2 Punjab: Murree 
Hills. 


1 Ceylon: Trinco- 
mali. 
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Cam.). Schmiede-Knecht, Genera Insect, fas. 
75: 93, (1908). Dutt, Mem. Dep. Agric. India 
Ent., (2): 24, (1923). 


epistomatus Morley 


Cnemocryptus epistomatus Morley, Rec. Ind. Mus., 
8: 326, (1912-22).! 


pallidicoxis Morley 


1 Assam: Sadiya. 


Cnemocryptus pallidicoxis Moley, Dutt, Mem. 1 Assam: Khasi 
Dep. Agric. India Ent., 8 (2): 24, (1923). Hills. 


validicornus Cameron 


Cnemocryptus validicornus Cameron, Mem. and ' Asia: Khasi 
Proc. Manchester Lit. Philos. Soc., 47 (14): 38, Hills. 
(1903). 9. Schmiede-Knecht, Genera Insect., 
fas. 75: 93, (1908). 


CLITIGA Cameron 


Clitiga Cameron, Spolia zeylan., 3: 117, (1905), 
(Type of genus: C. excavata Cameron). 
Schmiede-Knecht, Genera Insect., fas. 75: 94, 
(1908). 

excavata Cameron 


Clitiga excavata Cameron, Spolia zeylan., 3: 118, 


(1906). g*. Schmiede-Knecht, Genera, Insect., ' Ceylon: Haputde. 
fas. 75: 94, (1908) 


fonticornis Cameron 


Clitiga fonticornis Cameron, Spolia zeylan.,3: 118, 
(1905). 


HEMITELES Gravenhorst 


Hemiteles Gravenhorst, Ichn. Eur., 2: 780, (1829), 
(Type of genus: Hemiteles tristator Graven- 
horst) = Hemiteles  cingulator Gravenhorst 
Desig. by Westwood (1839). Dalla Torre, Cat. 
Hymen., 3: 640, (1901-20). Schmiede-Knecht, 
Genera Insect., fas. 75: 96, (1908). Morley, 
Ichn. Brit., 2: 116, (1908). Dutt, Mem. Dep. 
Agric. India Ent., 8(2): 24, (1923). Townes, 
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Mem. Amer. ent. Soc., 11(1): 208, (1944). 
Muesebeck, Krombein, Townes and others, 
U.S. Dep. Agric. Monograph, 2: 244, (1951). 
Ocymorus Foerster, Verh. Naturh. Ver. Preuss. 
Rheinl., 25: 180, (1868). 


brachcyttari Ashmead 


Hemiteles brachcyttari Ashmead, Proc. U. S. nat. 
Mus., 18: 644, (1896).1 Dalla Torre, Cat. 


Hymen., 3: 644, (1901-02). Schmiede-Knecht, 
Genera Insect., fas. 75: 106, (1908). 


fulvipes Gravenhorst 


Hemriteles fulvipes Gravenhorst, Ichn. Eur., 2: 
792, No. 234, (1829). Ratzeb., Jcheneum. d. For- 
stinsect, 1: 150, No. 2 , (1844); 3: 151, No. 2, 
(1852). Fonscolombe, Amn. Soc. Entom. 
France, 10 (2): 34, No. 5, (1852). Taschenberg, 
Zeitschr. F. d. ges. Natur.,25: 124, n. 15, (1865). 
6, 9. Brischke, Deutsch. Entom. Zeitschr., 21: 
237, (1877), Schrift. Naturf. Ges. Danzig. 
N.F.V.P. 4, p. 345, (1881). g, 9. Bridgman and 
Fitch, Entomologist, 16: 100, n. 14, (1883). 
3,2. Thomson, Opusc. ent., P. 10, p. 968, n. 1, 
(1884). ¢g, 2. Moller, Entom. Tidskr., 7: 83, 
N. 1, (1886). Schmiede-Knecht, Termesz. 
Fuzet., 20: 107 and 506, n. 13, (1887). 3, Q. 
Dalla Torre, Cat. Hymen. 3: 650, (1901-02). 
Dutt, Mem. Dep. Agric. India, Ent., 8: (2): 
24, (1923). 

geniculatis Camerson 


Hemiteles geniculatis Camerson, Trans. Ent. Soc. 
Lond., p. 110, (190+). 9. Schmiede-Knecht, 
Genera Insect., fas. 75: 108, (1908). 


intermedius Cameron 


Hemiteles intermedius Cameron, Mem. and Proc. 
Manchester Lit. Philos. Soc., 47 (14): 45, (1903). 
91. Schmiede-Knecht, Genera Insect., fas. 75: 
109, (1908). 





1 Ceylon. 


1 Punjab: Murree. 


1 Asia: Khasi 
Hills. 


1 Asia: Khasi 
Hills, 
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khasianus Cameron 


Hemiteles khasianus Cameron, Mem. and Proc. 


Manchester Lit. Philos. Soc., 47: 44, (1903). 4 Asia: Khasi Hills. 
gd. Schmiede-Knecht, Genera Insect., fas. 75: 
109, (1908). 


ornatitarsis Cameron 


Hemiteles ornatitarsis Cameron, Trans. Ent. Soc. ! Asia: Khasi Hills. 
Lond., p. 111, (1904). 9. Schmiede-Knecht, 
Genera Insect., fas. 75: 110, (1908). 


pulcherrinus Cameron 


Hemiteles pulcherrinus Cameron, Trans. Ent. Soc. 4 Asia: Khasi Hills. 
Lond., p. 111, (1904). 9. Schmiede-Knecht, 
Genera Insect., fas. 75: 111, (1908). 
rubriornatus Cameron 


Hemiteles rubriornatus Cameron, Spolia zeylan., 1 Ceylon: Pera- 
3: 116, (1905).? deniya. 
striatus Cameron 


Hemiteles striatus (Bathyrixs) Cameron, Spolia zey- 1 Ceylon: Kandy. 
lan., 3: 116, (1905). 9.2 Schmiede-Knecht, 
Genera Insect., fas. 75: 112, (1908). 
tripartitus Brullé 


Hemiteles tripartitus Brullé, Hist. Nat. Ins. Hymen, ‘India: Pondi- 
4: 258, (1846). g. Dalla Torre, Cat. Hymen., cherry. 
3: 668, (1901-02). Schmiede-Knecht, Genera 
Insect., fas. 75: 113, (1908). 


veda Cameron 
Hemiteles veda Cameron, Mem. and Proc. Man- 
chester Lit. Philos. Soc., 41.(4): 17, (1896-97). 
Tribe 2. ECHTHRINI (= APTESINI) 


In the revisionary studies of this tribe the earlier tribal name Aptesini 
has been replaced by Echthrini which in our view is more rational. Also 
within recent years it has been shown that the genus Echthrus Grav. should be 
placed in this group rather than in Xoridini, Cryptini or Mesostenini as was 


26 E. S. NARAYANAN AND KUNDANLAL 


formerly done. Morley in fact had placed Echthrus Grav. under tribe Xori- 
dides subfamily Pimpline. We do not accept this view on account of the 
very definite characters that distinguish this from Pimpline and make it more 
akin to Cryptinez. Echthrus Grav. is the oldest generic name in this group 
and the tribal name Echthrini has to be based on Echthrus Grav. 


Echthrini undoubtedly occupies an intermediate place between Gelini 
and Méesostenini and is perhaps closer to the latter. Earlier workers had 
included various genera now included in Echthrini, in ‘ Phygadeuonini’. 
It may also be stated that the tribe formerly referred to as Phygadeuonini 
includes Megaplectes (formerly in Cryptini), the genera Agenora Cam. and 
Echthrus Grav. (formerly in Xoridides), Hemigaster Brullé (formerly in Hemi- 
gastrides) and Rothneyia Cam. (formerly in Cryptini). ‘We are of the opinion 
that the true relationship of Echthrus Grav. and Agenora Cam. is with Cubo- 
cephalus Rat. in the present tribe. 


Several members belonging to this tribe are parasites on saw flies and 
are therefore of great economic importance for the biological control of 
insect pests. 


ECHTHRUS Gravenhorst 


Echthrus Gravenhorst, Ichn. Eur., 3: 861, (1829), 1 Range. North- 

(Type of genus: Jchneumon. relactator L.). West Europe, 
Schmiede-Knecht, Genera Insect., fas. 62: 6, Sikkim, United 
(1907). Morley, Ichn. Brit., 3: 2, (1907); States, Canada, 
Fauna Brit. India, Hymen., 3: 60, (1913)}. Vancouver, Japan. 
Townes, Mem. Amer. ent. Soc., 11 (1): 291, 
(1944). Muesebeck, Krombein, Townes and 
others, U.S. Dep. Agric. Monograph, 2: 273, 
(1951). 

Sphates Bremi, Stettin, Ent. Ztg., 10: 95, (1849). 
Muesebeck, Krombein, Townes and others, 
U.S. Dep. Agric. Monograph., 2: 273, (1951). 


maculiscutis Cameron 


Echthrus maculiscutis Cameron, Tijds. Ent., p. 94, 
(1907). 9. Morley, Fauna Brit. India, Hymen., 
3: 60, (1913).? 


HEMIGASTER Brullé 


Hemigaster Brullé, Hist. Nat. Ins. Hym., 4: 266, 
(1846), (Type of the genus: H. fasciata Brullé). 
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Dalla Torre, Cat. Hymen., 3: 614, (1901-02). 
Morley, Fauna Brit. India, Hymen., 3: 34, 
(1913). 


Chreusa Cameron, Manch. Mem., p. 200, (1899). 
Morley, Fauna Brit. India, Hymen., 3: 31, (1913). 


carinifrons Cameron 


Hemigaster carinifrons Cameron, Manch. Mem., *' Assam: Khasi 
p. 201, (1899). g, 9. Morley, Fauna Brit. Hills. 
India, Hymen., 3: 36, (1913).+ 


eublemmae Rao 


Hemigaster eublemme Rao, Indian For. Rec. New +Dehra Dun (U.P.). 
Ser., 8 (8): 177, (1953). 9}. 


fasciatus Brullé 
Hemigaster fasciatus Brullé, Hist. Nat. Ins. Hym., + Indes Orientales. 
4: 267 (1846). 9. Dalla Torre, Cat. Hymen., 
3: 614, (1901-02). Morley, Fauna Brit. India, 
Hymen., 3: 35, (1913).? 
fulvipes (Cameron). N. Comb. 


Chreusa fulvipes Cameron, Manch. Mem., p. 210, 
(1899). 9. Morley, Fauna Brit. India, Hymen., 
3: 32, (1913).? 


lutea (Cameron) N. Comb. 


Chreusa lutea Cameron, Manch. Mem., p. 212, 
(1899). 9. Morley, Fauna Brit. India, Hymen., 
3: 33, (1913). 


MACROGASTER Brullé 


Macrogaster Brullé, Hist. Nat. Ins. Hym., 4: 184, ' Assam, Singapore, 
(1846), (Type of genus: M. rufipennis Brullé). and South Africa. 
Morley, Fauna Brit. India, Hymen., 3: 25, 

(1913).! 


Ctenotoma Cameron, Ann. Nat. Hist., 20: 17, 
(1907). Morley, Fauna Brit. India, Hymen., 
3: 25, (1913). 





ferrugineus Cameron ~ 


Macrogaster ferrugineus Cameron, Manch. Mem., 
p. 198, (1899). g. Morley, Fauna Brit. India, 
Hymen., 3: 29, (1913). 


luteus Cameron 


Macrogaster luteus Cameron, Manch. Mem., 
p. 199, (1899). ¢g. Morley, Fauna Brit. India, 
Hymen., 3: 30, (1913). 9.2 
nigricans Cameron 


Macrogaster nigricans Cameron, Manch. Mem., 
p. 194, (1913). 9. Morley, Fauna Brit. India, 
Hymen., 3: 27, (1913). 9.1 


varipes Cameron 


Macrogaster varipes, Manch. Mem., p. 196, (1899). 
9. Morley, Fauna Brit. India., Hymen.,3: 28, 
(1913).? 

ROTHNEYIA Cameron 


Rothneyia Cameron, Mem. Proc. Manchester Lit. 
Philos. Soc., 41(4): 19, (1896-97), (Type of 
genus: Rothneyia wroughtoni Cameron). Ash- 
mead, Proc. Nat. Mus., 23: 14, (1900). Dalla 
Torre, Cat. Hymen., 3: 1041, (1901-02). 


annulicornis Cameron 


Rothneyia annulicornis Cameron, Mem. Proc. 
Manchester Lit. Philos. Soc., 43: 297, (1898-99). 
Dalla Torre, Cat. Hymen.,3: 1041, (1901-02). 


wroughtoni Cameron 


Rothneyia wroughtoni Cameron, Mem. and Proc. 
Manchester Lit. Philos. Soc., 4(4): 19, (1897- 
98). Dalla Torre, Cat. Hymen., 3: 1041, 
(1901-02). 


CUBOCEPHALUS Ratzeburg 


Cubocephalus Ratzeburg, Ichn. d. Forstins.,2: 21, 
(1848), (Type of genus : Cryptus fortipes Graven- 
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horst). Morley, Jchn. Brit., 2: 19, (1907). 
Townes, Mem. Amer. ent. Soc., 11(1): 233, 
(1944). Muesebeck, Krombein, Townes and 
others, U.S. Dep. Agric. Monograph, 2: 253, 
(1951). 


Ecporthetor Foerster, Verh. Naturh. Ver. Rheinl., 
25: 184, (1868). 


4 Pammachus Forester, Verh. Naturh. Ver. Rheinl., 
é 25: 185, (1868). 


él Microcryptus Thomson, Opusc. ent., fas. 5: 520, 
(1873). Morley, Jchn. Brit., 2: 23, (1907). 
Dutt, Mem. Dep. Agric. India, Ent.,8: (2): 24, 
(1923). Townes, Mem. Amer. ent. Soc., 11 (1): 
233, (1944). Muesebeck, Krombein, Townes 
and others, U.S. Dep. Agric. Monograph, 2: 
253, (1951). 


Cratocryptis Thomson, Opusc. ent., fas. 5: 520, 
(1873). 


Stenocryptus Thomson, Opusc. ent., fas. 5: 520, 
(1873). 


galactinus (Gravenhorst) N. Comb. 


Phygadeuon galactinus Gravenhorst, Ichn. Eur., 
2: 683, Ste. Ill., M. 7: 209. Taschenberg, 
Zeits. Ges. Nat., p. 54, (1865). Brischke, Nat. 
Ges. Danz., p. 341, (1882). 


Phygadeuon fulgens Taschenberg, Zeits. Ges. Nat., 
p. 36, (1865). 9. 


Microcryptus galactinus Morley, Ichn. Brit., 2: 4 Punjab: Murree. 
39, (1907). Dutt, Mem. Dep. Agric. India 
Ent., 8 (2): 24, (1923).! 


AGENORA Cameron 


Agenora Cameron, J. Bom. Nat. Hist. Soc.,p.722, 1 Range: N.-W. 
(1909), (Type of genus: A. hirticeps Cameron). India. 
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Morley, Fauna Brit. India, Hymen., 3: 59, 
(1913).? 
hirticeps Cameron 
Agenora hirticeps Cameron, J. Bom. Nat. Hist. 
Soc., p. 722, (1909). ¢g. Morley, Fauna Brit. 
India, Hymen., 3: 59, (1913). 
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INTRODUCTION 


In 1892, Moeller introduced Gram’s iodine as a fixative for the study of the 
nucleus of yeast. Janssens and Leblanc (1898), Wager (1898) and Wager 
and Peniston (1910) found it to be invaluable in their investigations. While 
the above investigators use Gram’s iodine as a fixative and iodine in potassium 
iodide is listed among fixatives in Lee’s ‘‘ Microtomist’s Vade-Mecum”’ 
(Gatenby and Cowdry, 1928) and Johansen’s “ Plant Microtechnique "’ 
(1940), Lindegren (1949, 5-2; see also Lindegren, Williams and McClary, 
1956) includes it among stains. 


Formaldehyde was introduced to histologists by Blum in 1890 (Wolman, 
1955) and being a rapidly penetrating fixative was employed by Wager and 
Peniston (1910) in their studies. Cosslett (1955) invites attention to a recent 
discovery that when ultraviolet microscopy reveals a differentiation between 
chromosomes and nuclear sap, formaldehyde is superior to osmium tetroxide 
as a fixative in that it gives a better contrast in electron micrographs. 


Nuclear fixatives, according to the ‘‘ Microtomist’s Vade-Mecum ”, 
should be acid in order that chromatin may be preserved satisfactorily. The 
acid nature of the fixative is said to result in a slight contraction of the chromo- 
somes with the consequent production of sharper outlines (Gatenby and 
Cowdry, 1928, p. 315). Flemming found that the optimal concentration 
of acetic acid, when used alone as a fixative for the study of nuclei, to be 
0:2-1% (Gatenby and Cowdry, 1928, p. 53). 


Johansen (1940) recommends the addition of formaldehyde and acetic 
acid to the solution of iodine in potassium iodide. Nagel (1946) com- 
pounded a fixative containing iodine and acetic acid and reports good stain- 
ing by the Giemsa technique. 


The visibility of the living nucleus under the phase contrast microscope 
(Royan and Subramaniam, 1956) led to an evaluation of iodine in potas- 
sium iodide as a fixative. While structures seen in the living cell are visible 
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on fixation, subsequent staining results in a disappearance of the details, 
the nucleus appearing as a uniformly stained mass. But when the cells 
are fixed in iodine formol acetic solution for an arbitrary period of twenty- 
four hours and stained with hematoxylin according to the method of Heiden- 
hain (Royan, 1956 a) the nuclear details seen are reminiscent of those in the 
living yeast. An attempt was, therefore, made to evaluate the results obtained 


by different staining procedures on material fixed in iodine-formaldehyde- 
acetic solution. 


MATERIAL AND METHODS 


The earlier (Royan and Subramaniam, 1956; Royan, 1956a, 5, c) 
as well as the present series of experiments were carried out on the strain of 


Saccharomyces cerevisie NRRL Y-567, obtained through the kindness of 
Dr. Wickerham. 


A small quantity of material from a fifteen-day agar slant was inoculated 
into bacteriological test-tubes containing 5 ml. aliquots of malt wort of S.G. 
1-020 and pH 4-6-4-8. After the growth had proceeded for twenty-four 
hours at a temperature of 25-28° C. the tube was shaken well and three loops 
of material were again transferred to a test-tube with 5ml. of wort. The 
serial subculture in malt wort was limited to six transfers after which recourse 


was had to material from an agar slant for a fresh series. 


The contents of the tube after the second or third subculture 
were transferred en masse to a 5Oml. conical flask containing 10 ml. 
of malt wort. The crop obtained after five days’ growth was used for fixa- 
tion and staining. The cells from the flasks appeared to be more uniform 
than those from a test-tube. The centrifuged yeast was smeared on a clean 
slide having a thin coat of Mayer’s albumen. 


A series of experiments were carried out to determine the amount of 
formaldehyde and glacial acetic acid that should be added to Gram’s solution 
for an accurate preservation of the cellular structures. It was discovered 
that optimal fixation could be obtained in 60-90 minutes if they are com- 
bined in the following proportions: Gram’s iodine solution 45 ml.; distilled 
water 45 ml.; 40% neutra! formaldehyde 12 ml.; glacial acetic acid 1-5 ml. 


Removal of iodine from the cells —The fixed smears were transferred to 
50% alcohol for five minutes and allowed to remain in 70% alcohol for periods 
ranging from 30 minutes to twenty-four hours. They were downgraded 
through 50% alcohol, stored in 20% alcohol for ten minutes and washed in 
running water for thirty minutes. The slides were then ready for the 
removal of cytoplasmic basophilia. 
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Removal of ribonucleic acid (RNA).—Attention was invited (Royan, 
1956 a) to the difficulty experienced by the early investigators in staining the 
nucleus selectively. The really important advance in technique since the 
time of Wager and Guilliermond is the possibility of the removal of ribo- 
nucleic acid (RNA) from the cells by acid hydrolysis (Royan, 1956 a). The 
presence of a considerable amount of RNA in the yeast cell militates against 
the differential staining of the nucleus. Since the present investigation was 
intended to elucidate the structure of the nucleus, RNA was removed from 
the cells by acid hydrolysis as a preliminary but essential step to the succeed- 
ing staining procedures. 


The two common methods adopted for the extraction of RNA (Kurnick, 
1955) are (i) hydrolysis in N HCl at a particular temperature as in Feulgen’s 
Nuclealreaktion for the location of DNA in the cells or (ii) the treatment 
of the material with perchloric acid at temperatures ranging from 0-30° C. 
Therefore, the smears freed of traces of the fixative were either (a) hydro- 
lysed in N HCl at 60°C. for 7-10 minutes or (6) stored in 10% perchloric 
acid for 1-7 hours at 28°C. The two methods did not produce any distor- 
tion of the vacuole or the nucleus (cf. Lindegren, Williams and McClary, 
1956). 


OBSERVATIONS 


1. Staining with hematoxylin—Since the earlier investigators stained 
unhydrolysed cells, both hydrolysed and unhydrolysed smears were stained 
by Heidenhain’s method. Depending on whether one employs the short or 
the long method the colour of the stained organelles will be blue or black 
(Gatenby and Cowdry, 1928, p. 152). 


The smears after a wash in distiiled water were mordanted in fresh 4% 
iron alum for 2-16 hours. After a wash in running water they were stained 
in well ripened 0-5% solution of hematoxylin for periods ranging from 6-24 
hours. The smears removed from the stain were washed well under the tap 
and differentiated in 2% iron alum. 


While differentiation is slow in the case of unhydrolysed cells, it is rela- 
tively quick in hydrolysed ones. The first organelle to get destained is the 
vacuole. If hydrolysis in N HCI at 60° C. is limited to nine minutes, a proper 
contrast between the nucleus and cytoplasm could be obtained. Storage in 
10% perch'oric acid at 28°C. exceeding three hours results in a complete 
loss of stainability by the cytoplasm which in consequence appears trans- 
parent in permanent preparations. Attention is drawn in this connection 
to the fact that even in unhydrolysed smears it is often possible to obtain 
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a properly differentiated nucleus in the unstained cytoplasm. Because of 
the necessity to illustrate the orientation of the nucleus-in relation to the 
other cell structures, hydrolysis in perchloric acid of the material to be 
stained later with hematoxylin was limited to 24-3-hours. __ 
















After differentiation, the slides were again washed in running water for 
thirty minutes. They were then exposed to ammonia vapour for a few 
seconds or stored for thirty seconds in water to which a few drops of liquor 
ammonia had been added. The procedure adopted for dehydration has 
already been described (Royan, 1956 a). At times the slides were allowed to 
remain overnight in 70% alcohol. Careful control has to be exercised not 
only during fixation but also during dehydration and clearing. 


Photos 1-11 and 15-18 are of non-budding cells. The vacuole is visible 
in all the cells. A careful perusal of these micrographs would confirm the 
conclusions drawn from: living cells (Royan and Subramaniam, 1956; 
Royan, 19564, 6, c). The nucleus is-excentric in position, lies outside the 
vacuole and is delimited from the cytoplasm and the vacuole by the nuclear 
membrane. The structure of the nucleus in cells illustrated in Photos 1, 
2 and 3 are comparable. The nuclear membrane is distinct and the stained 
area inside lies apposed to it. Sometimes the stained areas exhibit an 
irregular distribution inside the nucleus (Photo 4). 


Photo 5 is interesting. The nucleus located in the cytoplasm lies partly 
over the vacuole. The structure of this nucleus (Photo 5) is similar to those 
described in Photos 1-3 except for the fact that a stained grain is present. in 
the unstained area within the nuclear membrane. In Photos 6 and 7 the 
nuclei have a distinct grain located.away from the crescentic stained area in 
the nuclear matrix. In bi-vacuolate cells, the nucleus is usually situated in 
the band of cytoplasm separating the two vacuoles (Photo 8) as illustrated 
earlier (Royan, 19565). The structure of the nucleus in the above illustra- 
tion is similar to that observed in Photo 5 except for the absence of the grain. 
Attention is invited to the distinct membrane delimiting the nucleus from the 
vacuoles as well as the cytoplasm. 
































The nucleus often presents a three-dimensional view undcr_ the 
microscope (Photo 9). But it was found difficult to do justice to the prepara- 
tions in the micrographs owing to its sharp contrast with the cytoplasm. 
In some cells two distinct stained areas are present inside the - nucleus 
as illustrated in Photos 10 and 11. The disposition of these stainable 
structures appear variable. 
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Active budding stops 36-48 hours after inoculation into the wort tube, 
but cells with buds of different sizes are not rare in 120-hour cultures. 
Repeated observations gave the impression that these may be arrested ones. 
Such an impression is reinforced by the similarity in the configuration of the 
nuclei in these mother cells (Photos 12, 13 and 14) to those of non-budding 
ones. 


While Photos 1-14 are of cells hydrolysed in N HCl at 60°C. for nine 
minutes, Photos 15-18 are of smears stored in 10% perchloric acid at 28°C. 
for three hours. It will be observed that the two series of preparations are 
indistinguishable. This is contrary to the experience of Lindegren, Williams 
and McClary (1956) who report that the vacuole gets distorted when the 
cells are hydrolysed in hot HCl. The real difference between the two 
methods of RNA removal was observed during destaining. A uniform grade 
of differentiation could be achieved in groups of cells handled after storage 
in perchloric acid. 


The nuclear membrane is not uniform in thickness in many instances 
(Photo 16; compare with Photos 19 and 20, Royan, 19565) owing to the 
presence of structures plastered on to the inner surface of the membrane 
which often give the stained nuclear boundary a horse-shoe shape. 


Owing to technical difficulties during photography and enlargement it 
is usually difficult to present a group of cells with clear nuclear details. This 
is attempted in Photo 18. As will be seen (i) the nucleus is extra-vacuolar, 
(ii) non-homogeneous, (iii) possesses a clear nuclear membrane, (iv) en- 
closing stained structures and that (v) the vacuole is bereft of any stainable 
bodies. A pair of bodies are seen inside the nucleus of cell A (Photo 18) 
while in cell B the nuclear configuration reminds one of a horse-shoe (com- 
pare with Photo 25, Royan, 1956 a). 


What is striking is that the structure of the nucleus as seen in prepara- 
tions stained with hematoxylin are strictly comparable to those observed 
in living cells. 


2. Staining by the Feulgen technique.—It was shown earlier that a literal 
acceptance of Wager’s (1898; Wager and Peniston, 1910) suggestions would 
imply that the yeast-may be bi-nucleate. While the majority of the investi- 
gators agree that the real nucleus of yeast is an extra-vacuolar structure, 
there is disagreement regarding the nuclear nature of the vacuole. A cyto- 
chemical test for an exact location of “‘ chromatin ” inside the cell assumes, 
therefore, an enormous significance. The specificity of the Feulgen reaction 
has been studied critically by several investigators (Lessler, 1953). 
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Procedure.—The leuco-basic fuchsin was prepared from Merck samples 
of the dye. Even without the use of Norite it was at times colourless. Smears 
hydrolysed in N HCI at 60° C. for 7-10 minutes or stored in 10% perchloric 
acid at 28° C. for periods ranging from 1-7 hours were exposed to the 
Schiff’s reagent for 90-120 minutes. The stained smears were then differen- 
tiated for 20 minutes in two changes of SO, water prepared by the addition 
of 10 ml. of a 10% solution of sodium metabisulphite and 10 mi. of N HCI 
to 200 ml. of distilled water. The slides were rinsed in distilled water for a few 
scconds and counterstained with a very dilute solution of light green. They 
were then dehydrated and mounted in Canada balsam. 


The optimal time of hydrolysis in N HCl at 60° C., as judged from the § 
intensity of staining, was found to be 74-9 minutes. Staining was noticed 
in smears kept in 10% perchloric acid at 28° C. only after two hours of storage 
and it improved in intensity between 44-7 hours. 


Results. —It would be evident from Photos 19-27 that the vacuole is 
Feulgen negative. Unhydrolysed cells were exposed to leuco-basic fuchsin 
for the same duration as the hydrolysed ones. No staining was observed 
either in the cytoplasm or the nucleus (Photo 19). There is thus no 
Plasmal Reaction. A portion of the nucleus in Photo 19 is seen lying over 
the vacuole. 


In hydrolysed cells the staining is selective and the stained areas are 
located inside the nucleus (Photos 20 and 21). The structures stained pre- 
sent the form of a single grain (A in Photo 21) or a pair of bodies (A, B: 
Photo 20) inside each nucleus. As could be observed in cell A in Photo 21, 
the unstained nuclear matrix is not uniform in optical density. One half 
of the nuclear area appears denser reminding one of the crescentic stained 
areas in hematoxylin preparations. It was rather difficult to illustrate such 
differences in the optical density of the Feulgen negative nuclear matrix in 
bright field micrographs. 


The phase contrast reveals more details in Feulgen preparations. The 
nuclear membrane and the stained area, depicting the location of DNA in 
the light green tinted nuclear matrix, are very clear. The Feulgen positive 
structures though of a different tint from the other regions of the cell, do not 
give a sharp contrast in phase contrast micrographs (Photos 22-27). 


Photos 22-24 are from smears exposed to 10% perchloric acid. The 
stained structure has the form of a crescent (Photo 22) or a patch apposed 
to the nuclear membrane (Photo 23) or as two slender rods (Photo 24) lying 
in the nuclear matrix. Micrographs 25-27 are of cells hydrolysed in N HCl 
at 60°C. for 74-9 minutes. An examination of these phase micrographs 
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would reveal the existence of a distinct membrane enclosing the stained area. 
Since attention was directed to illustrate nuclear details, the cytoplasm bet- 
ween the nucleus and the cell-wall is out of focus in Photo 27. A pair of 
bodies are seen inside the nucleus in Photo 27. 


A comparison of the hydrolysed preparations stained with leuco-basic 
fuchsin and hematoxylin emphasizes the fact that Feulgen staining being 
selective reveals only a part of the nuclear structure (Lietz, 1952: Thyagarajan 
and Subramaniam, 1957) while hematoxylin presents a true picture of the 
structures seen in the living nucleus. The vacuole is Feulgen negative and 
hence it cannot be considered as nuclear in character. 


3. Staining with the Giemsa solution: History—In 1902 Feinberg 
(Wager and Peniston, 1910) used a mixture of methylene blue and eosin to 
stain differentially the nucleus from the cytoplasm of yeast. Romanowsky 
had reported in 1891 the selective propertics of such a mixture for a study 
of the malarial parasite in blood. An interesting account of the development 
of eosin-methylene blue compounds, of which the Giemsa stain is one, is 
given by Conn (1940, pp. 169-74). 


Badian (1937) fixed yeast cells in osmic vapour, stained them with the 
Giemsa stain and used eosin for proper differentiation. The credit for the 
introduction of Giemsa stain to Microbial Cytology is usually assigned to 
Piekarski (1937, see Vendrely, 1955; Marshak, 1955). The staining of 
bacteria with the Schiff’s reagent was rather faint and hence Piekarski used 
Giemsa stain to improve the clarity of the preparations. Since good stain- 
ing was obtained without prior exposure to leuco basic fuchsin, this step 
was discarded and hydrolysed cells were stained directly in Giemsa’s solution. 
Robinow (1944) popularised this method with modifications and reported 
the presence of a pair of chromosomes in Saccharomyces cerevisia and 
Schizosaccharomyces pombe. 


Procedure-—Unhydrolysed cells are stained uniformly by Giemsa. The 
nucleus was visible in some cells owing to the less intense staining of the 
cytoplasm. Removal of the cytoplasmic basophilia became, therefore, im- 
perative. The methods employed for the extraction of RNA to obtain good 
staining with the Schiff’s reagent was followed. A longer period of hydro- 
lysis in HCl made the cytoplasm transparent with the resultant loss of its 
affinity for the stain and the consequent intense contrast between the stained 
nucleus and the cytoplasm. 


The hydrolysed smears were rinsed well in a mixture of equal volumes 
of distilled and tap water and transferred to coplin jars containing 45 ml. of 
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fresh stain prepared as follows: Giemsa solution (BDH) S5ml.; Distilled 
water 20 ml.; Tap water 20 ml. The staining was quite deep when the smears 
had been in the staining bath for 60-90 minutes. A slight differentiation of 
the stain was always necessary to observe the nuclear details. A pro- 
longed stay in the staining bath resulted in a deeper staining of the nucleus 
and the cytoplasm. Differentiation was carried out in 20% alcohol since the 
stain was easily extracted in higher grades. 


The micrographs presented are of water mounts since they yielded 
greater details than permanent ones. A quick dehydration was necessary 
to obtain permanent ones. This was achieved by keeping the slides for only 
a few seconds each in 70% alcohol, absolute alcohol and a mixture of equal 
volumes of absolute alcohol and xylol. They were stored in xylol for a mini- 
mum period of thirty minutes. 


RESULTS 


The Giemsa preparations (Photos 28-38) resemble the smears stained 
with iron hematoxylin or Feulgen in that the vacuole is devoid of any stained 
structures. The vacuoles have a regular contour in HCl (Photos 28-31) 
as well as in perchloric acid treated cells (Photos 32-38). 


Photos 28 and 32 illustrate clearly that the stained region is located out- 
side the vacuole. While the cytoplasm is homogeneous in HCl treated cells 
(Photo 28) it appears finely granulated in smears stored in perchloric acid 
at 28°C. for three hours. A perusal of these photographs would indicate 
that differentiation is necessary to reveal the nuclear details. 


When properly differentiated (Photos 29-31 and 33-38) the nuclear 
membrane is found to enclose the stained patch. Considerable variation 
was observed in the thickness of the nuclear membrane (Photos 29-31). 
While it is uniform in Photo 29, irregular thickening gives it a horse-shoe 
shape in Photos 30 and 31. 


In some cells the stained region occupies only a portion of the nucleus 
and lies either in the centre (Photo 36) or apposed to the nuclear membrane 
(Photos 33-35). A pair of distinct bodies lying close together within the 
area enclosed by the nuclear membrane is iJlustrated in Photo 37. In mother 
cells with attached buds (Photos 31 and 38) the structure of the nucleus is 
similar to that in non-budding cells. 


The nuclear membrane stands out in hydrolysed cells stained with 
Giemsa. The stained structures are always located inside the area 
enclosed by the nuclear membrane. The vacuole appeared empty being 
bereft of any coloured patches, A comparison of Feulgen, Giemsa and 
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hematoxylin preparations is rather interesting. If the living cell, as seen 
under the phase contrast microscope, is taken as the standard, then the highly 
selective Feulgen staining reveals only a part of the nuclear structure. The 
Giemsa technique occupies an intermediate position in that it does not stain 
all the structures visible in the living nucleus. Heidenhain’s hematoxylin 
is superior to both the stains, for, it alone gives a true representation of the 
structures seen in the living nucleus. 


DISCUSSION 


Evaluation of iodine formol acetic as a fixative—The information 
gathered from studies on living cells under differing types of illumination 
(Royan and Subramaniam, 1956; Royan, 1956 a, b, c) enabled an evaluation 
of Gram’s iodine as a fixative for the study of the structure as well as the 
orientation of the nucleus in relation to the other cell organelles. Fixation 
of a vacuole without distortion would be possible only when it has a distinct 
limiting membrane (see Royan, 19565). The criteria for considering a fixa- 
tive as good is its ability to (i) preserve accurately the structural details 
observed in the living cell and (ii) render them suitable for subsequent stain- 
ing in a variety of ways. Judged on that basis Gram’s iodine satisfies the 
first condition in that it preserves without change the nuclear structure. But 
the clarity of the structures is lost during subsequent staining with hemato- 
xylin. This indicated that incorporation of other fixing and hardening agents 
would be desirable. 


The most common ingredients are formaldehyde and glacial acetic acid, 
the presence of the latter being considered essential for good fixation of the 
nucleus. Therefore, Gram’s iodine was incorporated with neutral formal- 
dehyde and glacial acetic acid. The determination of the suitable proportions 
of the ingredients in the fixative led to an attempt to assess the optimal time 
of fixation. Keeping the smears for periods ranging from 60-90 minutes 
in the fixing bath was found quite sufficient. 


Evaluation of methods for the removal of RNA.—The only stain which 
occasionally gives a fair. representation of the location of the nucleus in 
unhydrolysed material is Heidenhain’s hematoxylin. The high RNA con- 
tent of the yeast cell and the resultant basophilia necessitate its removal as 
an essential step for the selective staining of the nucleus. Hydrolysis of fixed 
material obviates the difficultics in staining referred to by Miiller (1956). 


As judged from the stained preparations, not much difference was 
observed between cells from which RNA was extracted with hot HC] or cold 
perchloric acid. Vendrely (1955) reports that he could observe no marked 
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difference—in bacteria—between removal of RNA by ribonuclease and acid 
hydrolysis and that the latter does not produce marked artifacts (p. 123). 


Evaluation of staining procedures.—It should be obvious from the illus- 
trations presented that while the structure of the nucleus as seen in carefully 
stained hematoxylin preparations are superposable on those seen in living 
cells under phase contrast, Feulgen stains only a limited region of the nucleus 
(Lietz, 1952; Thyagarajan and Subramaniam, 1957). Giemsa staining 
occupies an intermediate position in that the stained area is more than in 
Feulgen preparations. But it docs not reveal all the details seen in the living 
nucleus. These differences appear to be a feature in bacteria also. Vendrely 
(1955) remarks that Feulgen stains a nucleus more thinly than Giemsa. 


The Feulgen technique enables the confirmation of identifications. Even 
in hydrolysed cells there are grains scattered in the cytoplasm which are 
stained by hematoxylin. They are Feulgen negative and hence can be pre- 
sumed to be mere cytoplasmic organelles. The vacuole is usually bereft of 
any structure stainable by hematoxylin or Giemsa. Since the vacuole and 
its contents are uniformly Feulgen negative the vacuole turns out to be a 
cytoplasmic inclusion unrelated to the nucleus. 


It was indicated that if we have to concede the possibility that the vacuole 


is also “nuclear” in character (Wager and Peniston, 1910; Lindegren, 
Williams and McClary, 1956) the probability of the yeast cell being bi-nucleate 
may have to be considered (Royan and Subramaniam, 1956). The Feulgen 
negative character of the vacuole emphasizes that yeast is uni-nucleate and 
that the nucleus occupies an extra-vacuolar position. 


SUMMARY 


1. Fixation for sixty to ninety minutes in Gram’s iodine diluted with 
an equal quantity of water and incorporated with formaldehyde and glacial 
acetic acid gives a life-like preservation of the cellular structures except for 
the overall reduction in the size of the cells. 


2. The necessity for the removal of RNA by acid hydrolysis as a pre- 
liminary but essential step to the succeeding staining procedures is empha- 
sized. Judged from stained preparations there is little difference between 
extraction of RNA with normal HCl at 60°C. or with 10% perchloric acid 
at 28°C. 


3. The structure of the nucleus in carefully stained hematoxylin prepara- 
tions are superposable on those seen in living cells under phase contrast. While 
euco-basic fuchsin tints only a limited region of the nucleus, the details 
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revealed by the Giemsa stain are intermediate between Feulgen and hemato- 


xylin preparations. 


4. The nucleus occupies an extra-vacuolar position. The vacuole is 
Feulgen negative and is therefore a cytoplasmic inclusion. 
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DESCRIPTION OF PHOTOMICROGRAPHS 
Piate II 


PHotos 1-18. Hematoxylin. xca. 4,000. Photos 1-14. Hydrolysed in N HCI at 60°C. for 
9 minutes. Photos 15-18. Stored in 10% perchloric acid at 28° C. for three 
hours. 


Puotos 1, 2 & 3. Note the nuclear membrane opposite the stained area in the nucleus. 
PuHoto 4. The stained area inside the nucleus has an irregular shape. 


PHoto 5. The nucleus lies partly over the vacuole. A stained grain, apart from the cres- tg 
centic mass, is also seen inside the nucleus. 


Puotos 6 & 7. The structure of the nucleus is similar to that in Photo 5. 

Puorto 8. Note the characteristic disposition of the nucleus in a bi-vacuolate cell. 
PHoTo 9. The stained mass inside the nucleus shows a constriction. 

Puotos 10 & 11. Two distinct stained areas are present inside the nucleus. 

Puoros 12, 13 & 14. Budding cells showing nuclear configuration si nilar to that in non-budding 


cells. 

Puotos 15-18. The structure of the nucleus is comparable to those of cells hydrolysed in N HCl 
at 60°C. 

PHoTo 16. The nuclear membrane is not uniform. 


PiaTE III 





PHotos 19-27. Stained in Leuco-basic fuchsin. Photos 19-21. Uader ordinary illumination. : 
xca. 4,000. Photos 22-27. Phase contrast micrographs. xca. 4,500. g 


PHorto 19. Unhydrolysed cell. No plasmal reaction. 

Puotos 20-27. The Feulgen-positive bodies are located inside the nucleus. 

Puotos 22-27. The distinct nuclear membrane delimits the nucleus from the cytoplasm. 
Cet A in PHoto 21 and PHoro 26. The nuclear membrane varies in thickness. 


PuHotos 28-38. Stained with Giemsa solution. Water mounts, x ca. 4,000. Photos 28- 
31. Cells hydrolysed in N HCI at 60°C. Photos 32-38. Cells stored in 10% 
perchloric acid at 28°C. 


Puotos 28 & 32. Appearance of cells before differentiation. 


HOTOS 29-3! & 33-38. The nuclear membrane encloses the stained patch. Note the variation 
in the thickness of the nuclear. membrane. 





PHOTO 37. The nucleus contains a pair of bodies. 





N, Nucleus; NM, Nuclear membrane; V, Vacuole. 
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STUDIES IN PECTIC ENZYMES OF 
PARASITIC FUNGI 


I. Secretion of Protopectinase Enzyme by Pythium de Baryanum Hesse 
on Different Potato Media 
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Received August 14, 1957 
(Communicated by Professor T. S. Sadasivan, F.A.sc.) 


INTRODUCTION 


AN active preparation of protopectinase enzyme* of Pythium de Baryanum 
was first obtained by Chona (1932) by inoculating the fungus on surface 
sterilized potato pieces and then squeezing the rotted portions. Menon 
(1934) also obtained high activity of protopectinase enzyme in the sap of 
rotted tissues of potato tubers which were first autoclaved and then inoculated 
with Pythium de Baryanum. But Menon (loc. cit.) was unable to get active 
preparation of the same enzyme when the fungus was grown on potato extract 
and other natural media. Later Ashour (1954) was successful in showing 
active secretion of the protopectinase enzyme by Pythium de Baryanum on 
potato decoction and minced potato extract media. The author earlier 
reported (1953, 1956) the secretion of pectic enzymes by Pythium de Baryanum 
on synthetic media and in the present article the production of protopecti- 
nase enzyme on different potato media by the fungus has been discussed. 


MATERIALS AND METHODS 


For the growth of the fungus flat medicine bottles of 12 fluid oz. capacity 
containing 15 ml. of a liquid culture medium and sterilized by autoclaving 
for 20 minutes at 15 lb. pressure were used. Each bottle was inoculated 
with 10 discs (4 mm. diam.) cut with a cork-borer from the growing edge of 
a 2-3-day-old culture on 0-2 per cent. glucose agar. After an incubation 
period of 5 days at 25° C., the fungal mat was removed from the surface of 
the culture, the liquid was centrifuged and used as such for test. 


The enzyme solution was also prepared by infecting surface sterilized 
healthy potato tubers of King Edward variety by the method described by 


* Protopectinase enzyme is one of the four pectic enzymes which have been described by 
Kertesz (1951). This enzyme is so far been recognised only by its action on plant tissues where 
it hydrolyses protopectin resulting in the separation of plant cells from each other, a process usually 
known as maceration, 
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Granger and Horne (1924) and extracting the sap from the rotted tissues 
after 7~10 days. 


The enzyme solutions, when needed, were stored without loss. of activity 


up to aperiod of one week by keeping them in small tubes at — 20° C. or at 
4° C. under toluene. 


The activity of protopectinase enzyme in a solution was tested by the 
potato disc method of Brown (1915) and has been expressed in minutes taken 
to macerate 3 potato discs of 9 mm. diam. and 0-5 mm. thick when kept in 
3 ml. solution of enzyme preparation. 


EXPERIMENTAL 


Three types of potato extract culture media were prepared as follows: 


P,—200 gm. potato tuber boiled for 45 minutes in distilled water, 
filtered through fine muslin and the filtrate made up to 1 litre. 

P,—Potato tuber finely minced,- squeezed through muslin and centri- 
fuged. The clear extract was then used. 


P,—Potato tubers frozen at — 20° C. for 24 hours, then brought to room 
temperature by placing in running tap-water; sap squeezed out 
by hand and cleared by centrifuging. 


Precipitate was formed in media P, and P, on sterilization which was 
allowed to remain there. The activity of the secreted protopectinase enzyme 
on the above three media and on living potato tuber is recorded in Table I. 

TABLE I 


Enzyme production on various potato media 





Medium Initial pH FinalpH M.T.* in Minutes 








Living Potato Tuber bie si 7-0 27 
P, " i m 6-0 7-8 22 
P, ‘a os a 6-0 8-2 37 
Ps; - - am 5-9 8-2 25 





* Maceration time for standard potato discs. 


It was found that the fungus secreted protopectinase enzyme on all the 
four preparations of potato media tested in Table I, though the medium 
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P, was the best. When preparations of P, and P, media were adjusted to 
7-8 pH by adding Sorensen’s phosphate buffer, slightly lower activity of the 
enzyme was recorded. 


Activity of secreted protopectinase enzyme was also tested on various 
dilutions of media P,, P, and P;. The effect of precipitate, which is formed 
during sterilization of media P, and P;, on enzyme secretion was also studied 
(the precipitate was removed and the medium was again sterilized). The 
results are recorded in Table II. 


TABLE Il 


Enzyme production on potato media of different dilutions 





Initial Final M.T.in Dry weight of 
Medium pH pH minutes Mycelium in mg. 





6-0 7°8 22 57 
6:1 7°8 35 33 


“a ive 6-2 8-0 17 
P, with ppt... na 6-0 8-2 19 


P, without ppt. - 6-0 8-4 20 
P22 With ppt. .. - 6:1 8-5 il 
P./2 Without ppt. ia 6°3 8-7 13 
P; with ppt. - 5:9 8-2 70 
P, without ppt. nin 5-9 8-1 25 

Ps), with ppt. aa 6-0 8-5 25 43 
P32 without ppt. ‘i 6-0 8-4 25 53 
P;4 With ppt. 7” 6-2 8+6 30 20 
P3,, without ppt. — “4 6:2 8-5 30 30 





On all the media, the pH became alkaline, and more rapidly so the more 
dilute the medium. Media P, and P; showed more activity of protopectinase 
enzyme, but P, being best as it could be diluted to quarter-strength without 
appreciable effect on its capacity to support the enzyme production by the 
fungus. P, medium, though it was like P,; medium in being an undiluted 
extract of potato, was distinctly poorer for enzyme production purpose (also 
compare Table I). It seems that probably the mincing of tissues involved 
in the preparation of P, medium speeds up certain oxidation reactions which 
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retards the protopectinase enzyme secretion. Cole (1956) has also shown 
that certain oxidised plant juices have a greater retarding action on pectic 
enzymes activity than similar juices in which oxidation was prevented. 


The presence or absence of the precipitate had no obvious effect on 
P, medium with respect to enzyme production; in P, medium, however, 
less enzymic activity was observed when the precipitate was removed. 


The dry weight of mycelium, as was expected, was reduced with the 
dilution of media but the enzyme activity did not reduce in the same pro- 
portion. It seems that the precipitate, which is formed during autoclaving 
of media P, and P;, also reduces the fungal growth. 


SUMMARY AND CONCLUSIONS 


Potato decoction and extracted sap of frozen potato tubers form good 
media for the production of protopectinase enzyme by Pythium de Baryanum 
Hesse, the latter medium being better as it could be diluted to half-strength 
without losing its quality. Minced potato extract is not suitable medium 
for enzyme secretion, the reason might be oxidation of certain compounds 
present in plant tissues. 


The amount of growth of the mycelium has no relation with the proto- 
pectinase enzyme production. 
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THERE is a possibility that the acquisition of resistance to a drug may be due 
to the development by the organism of an ability to detoxify the drug. Thus, 
Woolley (1944) observed that resistance to pyrithiamine in Endomyces vernalis 
was accompanied by the adaptive formation of an enzyme which split pyri- 
thiamine into two non-toxic parts. The presence of penicillinase in certain 
penicillin-resistant Staphylococci has been demonstrated by several investi- 
gators (Abraham and Chain, 1940; Kirby, 1944; Bondi and Dietz, 1945; 
Gots, 1945). 


Other instances of drug resistance involving synthesis of an enzyme 
elaborated for the destruction of the drug do not appear to have been 
examined in detail. There are indications however that such mechanisms 
may exist. Miller and Bohnhoff (1944) noted a type of streptomycin resist- 
ance in Meningococci wherein the organism required streptomycin in the 
medium for its growth. Emerson and Cushing (1946) reported a sulfon- 
amide-resistant strain of Neurospora for which sulfanilamide (SA) acted as 
a growth factor; it was presumed that enzyme(s) for converting sulfanilamide 
into some essential metabolite were developed in the organism. 


Acetylation of sulfonamides decreases their growth inhibitory effect 
(Wyss, Strandskov, Schmelkes, 1942). An enzyme system that could ace- 
tylate sulfonamides among other amino compounds has been recognized 
in animal tissues (Marshall, Cutting and Emerson, 1937; Fuller, 1937) 
and is now known to be associated with co-enzyme A (Lipmann, Kaplan, 
Novelli, Tuttle and Guirard, 1947). Novelli and Lipmann (1947) have 
shown the ability of bacteria to convert pantothenic acid into Coenzyme A. 
With Staphylococcus aureus, Green and Sevag (1944) observed that sulfon- 
amides interfere with the functions of pantothenic acid and riboflavin. Panto- 
thenic acid was also found to reverse the eflect of sulfonamides (Green and 
Sevag, 1944; Kersey and Porter, 1948). Miller, Bruno and Berglund (1947) 
observed an increase in the synthesis of pantothenic acid in Escherichia coli 
48 
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on acquisition of resistance to sulfonamides. SA-resistant strains of E. coli 
reportedly average about 30 per cent. higher in Coenzyme A content than the 
parent sensitive ones and N*-acetyl SA has no effect on growth of E. coli in 
a synthetic glucose-salt medium (Kayser and Metzinger, 1954). 


The probable critical role of pantothenic acid in sulfonamide metabolism, 
its involvement as Coenzyme A in the acetylation of sulfonamides and the 
reduction by it of the growth inhibitory effect of sulfonamides, all suggested 
a possibility that organisms might acquire resistance by developing a capacity 
to detoxify the drug through acetylation which would imply increased elabo- 
ration of the acetylating enzyme. 


The present studies were aimed at ascertaining if sulfonamide detoxifica- 
tion by acetylation is effected enzymatically by the drug-resistant organism. 


EXPERIMENTAL 


All studies reported were carried out with a local isolate of Bacillus 
subtilis. Resistance to SA (500 mg. per cent.) was induced by exposure to 
gradually increasing concentrations of the drug in the growth medium. The 
synthetic medium of Muir, Shamleffer and Jones (1942) supplemented with 
one part per hundred of a 10 per cent. acid hydrolysate of casein was used. 
Cultures were maintained at 37° on slants of this medium containing 2 per 
cent. agar with fortnightly transfers. 


The organism was grown in bacteriological test-tubes containing 5 ml. 
quantities of double strength medium with additions, where shown in the 
text, final volume being made to 10 ml. before sterilization at 15 1b. steam 
pressure for 15 minutes and inoculation. Incubations were for stated periods. 
Necessary unincubated controls were always run alongside. 


SA was determined by the method of Bratton and Marshall (1939), 
colour intensity being measured on a Klett-Summerson photo-colorimeter 
at 540 my. Acetylated SA was deduced from the difference between free 
and total SA, the latter betng determined after hydrolysis with 0-5 ml. of 
4N hydrochloric acid in boiling water-bath. 


Estimations were made in bacteria-free culture filtrates deproteinised 
with trichloroacetic acid to final concentration of 4 per cent. Values reported 
represent averages of at least duplicate determinations. 


RESULTS 


Acetylation of SA during growth.—The extent of acetylation of SA during 


growth was studied with the susceptible parent strain as well as with 
B4 





50 SUDHA JOSHI AND A. SREENIVASAN 


strains rendered resistant to 50 and 500 mg. per cent. respectively of SA. 
The influence of added pantothenic acid and methionine as accessory factors 
was also studied. Methionine has been observed (unpublished data) to 
stimulate pantothenic acid synthesis in organisms like E. coli and B. subtilis 
that can grow independently of the vitamin. Additions of methionine and 
pantothenic acid were tried analogously with observations of Bellamy and 
Gunsalus (1944) that tyrosine decarboxylase is produced in optimal amounts 
by Streptococci only when pyridoxine, nicotinic acid and tyrosine are present 
in the medium. Results are given in Table I. 


TABLE | 
Acetylation of SA in culture filtrates 





Strain resistant Strain resistant 
Supplements Susceptible strain to 50 mg. percent. to 500 mg. per cent. 
to 10 ml. SA SA 
of medium 
+ sulfanil- At After At After At After 
amide* 0 72 hours’ 0 48 hours’ 0 48 hours’ 
hours growth hours growth hours growth 








Acetyl SA in yg. 
None a 20 60 te 20 


Calcium panto- 
thenate (200 ug.) 80 80 80 50 


Methionine (200 
pg.) Fe 40 60 30 50 30 50 





*Essentially similar results were obtained using concentrations of SA up to 2-5 mg. per tube. 


With the susceptible strain, growth was scanty in presence of the drug 
and hence a longer incubation period was employed. The resistant strains 
gave good growth within 18 hours. Free and total SA was also estimated 
in these cases at the end of 24 hours and 72 hours but no acetylation could 
be observed. 


With the strain resistant to the higher concentration of SA, it was 
observed that a diazotizable arylamine was produced in the culture filtrate 
in considerable quantities even in the absence of added SA. Thus, under 
the conditions of the foregoing experiments, this arylamine formed amounted 
to 240 wg. and did not increase on acid hydrolysis. Control tubes sterilized 
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after inoculation and incubated simultaneously for various periods of time 
did not show presence of the arylamine. Further studies on this arylamine 
formation are reported in a subsequent communication (Joshi and Sreeni- 
vasan, in press). 


Acetylation of SA by respiring cells—Large quantities of cells were 
harvested in 100 ml. of the media in Roux bottles at 37° for 18 hours. The 
cells were centrifuged, washed with M/5 phosphate buffer (pH 7-4) till free 
from SA and resuspended in 25 ml. of the buffer. 5 ml. aliquots of this 
suspension were taken in 8 ml. of the buffer and allowed to respire in presence 
of small quantities of SA at 37° for 20 hours, the total volume being adjusted 
to 20 ml. Both free and total SA after acid hydrolysis were estimated before 
and after incubation for the specified period. The effects of sodium acetate, 
sodium citrate and accessory additions like pantothenic acid and methionine 
were also studied. The results with the susceptible strain are given in 
Table II. 

TABLE II 


Acetylation of SA by resting cells 





Free SA (ug.) Total SA (ug.) 
Additions 





0 Hours 20 Hours 0 Hours 20 Hours 





Control nade in buffer dg added 
SA) ‘ 198 


Na-acetate (1 M) + Na-citrate 
(0-5M).. : 200 


Ca pantothenate (100 pg.) + 
Methionine (100 yg.). . ‘ 198 





There is no acetylation of SA by respiring cells of the susceptible strain 
even in presence of sodium acetate and sodium citrate. Calcium panto- 
thenate and methionine also have no influence. Concentrations of SA up to 
5 mg. per tube were tried without any effect. 


Similar results were obtained with respiring cells of 0-05 per cent. and 
0-5 per cent. SA- resistant strains; in the latter case, there was also no 
appreciable production of the arylamine during respiration, 


Bh 
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It has been shown by Novelli and Lipmann (1950) that when yeast cells 
are enriched by incubation with glucose and pantothenic acid in phosphate 
buffer, acetate and glucose metabolism is increased and there is an increase 
in Coenzyme A formation. In a few experiments, cells of 0-5 per cent. SA- 
resistant strain of the organisms, washed free of the drug, were suspended 
in 5 ml. of 0-1 M phosphate buffer, pH 7-4, containing glucose (1 M) and 
calcium pantothenate (2 mg.) and aerated for 1 hour. The cells were sepa- 
rated by centrifugation and washed twice with the buffer. Five ml. aliquots of 
a suspension of these cells in 25 ml. of the buffer were allowed to respire for 
20 hours in 0:2 M phosphate buffer containing varying concentrations of SA 
with and without calcium pantothenate (200 yg.) in a total volume of 10 ml. 
In no case however any indication of acetylation of SA was obtained. Enrich- 
ment with various concentrations of glucose and pantothenate was also tried 
without any effect. 


DISCUSSION 


SA is not acetylated to any appreciable extent by susceptible or SA- 
resistant strains of B. subtilis during growth or under respiring conditions. 
SA was employed in these experiments as it is known to be acetylated to a 
greater extent than p-aminobenzoic acid, sulfathiazole or sulfadiazine. 


Detoxification of sulfonamides through acetylation does not therefore appear 
to be the mechanism of drug resistance in B. subtilis. 


There are reports to suggest that acetylation is only a subsidiary function 
of Coenzyme A. This may be the reason why, in spite of the increased syn- 
thesis of pantothenic acid reported by Miller et al. (1947) in E. coli under 
the action of sulfonamides, acetylation does not occur and is not therefore 
the cause for sulfonamide resistance. The data further show that the added 
drug remains unchanged under various experimental conditions. It seems 
therefore that no adaptive enzyme is formed for detoxification or utilization 
of SA along with acquisition of drug resistance. 


A diazotizable arylamine is formed in the culture filtrate of 0-5 per cent. 
SA-resistant strain of B. subtilis. Further studies on this arylamine formation 
are reported in a subsequent communication (Joshi and Sreenivasan, in 
press). 


SUMMARY 


Cells of susceptible and sulfanilamide-resistant strains of Bacillus subtilis 
wére harvested under various cultural conditions and examined for their 
ability, if any, to acetylate sulfanilamide, 
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The effects of added acetate, citrate and accessory factors such as panto- 
thenic acid and methionine were studied. 


Experiments were also carried out employing cells enriched with glucose, 
phosphate and pantothenic acid. 


The results showed no measurable acetylation of sulfanilamide in all 
cases. 


A diazotizable arylamine accumulated in the culture filtrates of 0-5 per 
cent. sulfanilamide-resistant strain, but not of the susceptible strain, during 
growth of the organism and even in the absence of added sulfanilamide. 


It is concluded that detoxification of sulfonamides through acetylation 
is not the mechanism of drug resistance in B. subtilis. There is also no adap- 
tive enzyme formation for the detoxification or utilization of sulfanilamide 
during acquisition of drug resistance. 
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STETTEN AND Fox (1945) observed the accumulation of a diazotisable aryl- 
amine in the culture filtrate of Escherichia coli in presence of bacteriostatic 
concentrations of sulfonamides. It was characterised by Shive and co- 
workers (1947) as 5(4) amino-4 (5) imidazole carboxamide which was 
suggested to be a precursor of the purine ring. The riboside is the predomi- 
nant form in which the amine is known to accumulate (Greenberg, 1956). 
The compound is utilized by purine-requiring micro-organisms as a purine 
substitute (Shive, 1951). It was suggested (Shive et al., 1947; Woolley and 
Pringle, 1950) that a folic acid derivative was concerned in the conversion of 
the arylamine to purine and Buchanan and Schulman (1953) have demon- 
strated the in vitro conversion of the arylamine-ribotide to inosinic acid with 
a liver enzyme preparation to be influenced by folinic acid. 


Sevag and Green (1944) on the other hand observed that a sulfonamide- 
resistant strain of Staphylococcus aureus elaborated an arylamine which was 
identified as kynurenine. The formation of kynurenine was independent of 
attainment of resistance to sulfanilamide and even the susceptible strain could 
be ‘induced to elaborate it after certain alterations in the medium, in parti- 
cular, on addition of glucose and tryptophan. Love and Gots (1955) 
observed the accumulation in a purine-requiring mutant of E. coli of a new 


diazotisable arylamine which was probably an intermediate in carboxamide 
formation. 


During studies (Joshi and Sreenivasan, present paper) on the possibility 
of acetylation of sulfonamides being associated with acquisition of resistance, 
it was observed that a strain of Bacillus subtilis, rendered resistant to 0-5 per 
cent. concentration of sulfanilamide by exposing the susceptible strain to 
gradually increasing concentrations of the drug, produced a diazotisable aryl- 
amine irrespective of the presence of the drug. The observations regarding 
the influence of various cultural factors on this amine accumulation are dis- 
cussed herein. 
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EXPERIMENTAL 


Organism.—Studies were carried out with B. subtilis, a local isolate used 
in the earlier studies (Joshi and Sreenivasan, 1958). The original susceptible 
strain was rendered resistant to 0-5 per cent. sulfanilamide by gradually ex- 
posing it to increasing concentrations of the drug. Unless otherwise stated 
the resistant organism indicates therefore 0-5 per cent. sulfanilamide-resist- 
ant strain of B. subtilis. 


Culture medium.—The medium of Muir et al. (1942) with 1 per cent. 
casein hydrolysate stored in double strength under sterile conditions was used 
for growing the strains. 


Testing methods.—For testing the effect of various substances on the aryl- 
amine formation, 5 ml. of double strength medium and solutions of the test 
materials were taken in bacteriological test-tubes, total volume made up to 
10 ml. with water, adjusted to pH 7-2 and finally autoclaved at 15 lb. steam 
pressure for 15 minutes. 


The susceptible and resistant strains were grown in the basal medium 
without sulfanilamide and with 0-5 per cent. sulfanilamide respectively for 
18 hours. The cells were centrifuged and washed repeatedly with 0-9 per 
cent. saline under sterile conditions; in the case of the resistant strain, 
washings were continued till they were free from sulfanilamide as revealed by 


test with Bratton and Marshall reagent (1939). The cells were resuspended 
in 0-9 per cent. saline for use as inoculum. 


The test solutions with the nutrient medium, tubed and sterilised, were 
inoculated with 2 drops of the inoculum and incubated at 37°. A complete 
set of similar tubes simultaneously filled and sterilised but not inoculated 
with the organism was also incubated alongside in every experiment. They 
served as controls for the basal medium with the various test materials. All 
observations were made at least in duplicate. 


After incubation for about 48 hours (this time has varied to some extent 
in different experiments) at 37°, the cells were centrifuged, and the centri- 
fugates diluted to suitable volumes. Aliquots were assayed for the arylamine 
which gave a violet colour with the Bratton and Marshall reagent (1939). 
The arylamine was calculated in terms of sulfanilamide from Klett readings 
with the help of a standard curve (Joshi and Sreenivasan, 1958). 


In some experiments, additional sets of control and experimental tubes 
were run for measurements of cell growth. The contents of the tubes were 
mixed well and turbidity estimated after dilution where necessary with the 
Klett-Summerson photoelectric colorimeter with filter 660 my in position. 
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RESULTS 


Formation of a diazotisable arylamine by the resistant strain —The resist- 
ant strain was grown in 80 ml. medium in 250ml. Erlenmeyer flasks at 
37° for 48 hours in presence and absence of sulfanilamide. Flasks autoclaved 
after inoculation with the organism served as controls. About 2800 yg. of 
the arylamine was formed in absence of sulfanilamide while in presence of 
400 wg. of the drug the arylamine concentration increased to 3300 yg. The 
presence of sulfanilamide in the medium is thus not necessary for arylamine 
production. The arylamine was formed maximally in 48 hours of incuba- 
tion. The property of the arylamine formation was retained by the resistant 
strain more or less permanently and actual multiplication of cells appeared 
necessary. The susceptible strain did not produce any diazotisable arylamine 
under these conditions. 


Effects of glucose and tryptophan.—Sevag and Green (1944) found that 
the arylamine formed in a resistant strain of S. aureus was an oxidation pro- 
duct of tryptophan and that it was increased by addition of glucose and 
tryptophan. The susceptible strain of S. aureus also produced the same 
arylamine in presence of glucose and tryptophan. Therefore the effects of 
glucose (1-1x10-?M) and tryptophan (1:0x10-*M) separately and to- 
gether were noted on the arylamine formation with susceptible and resistant 
strains of B. subtilis; the concentrations of the substances were similar to 
those employed by Sevag and Green (1944). It was observed that both the 
substances did not induce any arylamine formation in the susceptible strain. 
With the resistant organism, the total arylamine formation (ug.) was 195, 
197, 162 and 160 respectively when grown in the basal medium without any 
additions and with additions of glucose, tryptophan and glucose + trypto- 
phan. 


Thus, glucose has no influence on the arylamine formed with the resistant 
strain whether by itself or in the presence of tryptophan. The lower values 
with tryptophan indicate that either it helps in the further metabolisation 
of the amine or that it exerts an inhibitory influence on the arylamine forma- 
tion. 


Effects of pantothenic acid and methionine.—Sevag and Green (1944) 
observed that the diazotisable arylamine formed in S. aureus was increased 
by pantothenate probably through enhancement of tryptophan synthesis and 
pantothenic acid also reversed the effect of sulfonamides. A sparing action 
of methionine for pantothenic acid in antibody formation was noted by 
Ludovici et al. (1951). Methionine also prevents the toxicity of low con- 
centrations of sulfonamides as reported by Kohn and Harris (1941) end 
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Bliss and Long (1941). The effects of calcium pantothenate (0-21 x 10-2 M) 
and d/ methionine (1-3x 10-? M) were therefore studied on the arylamine 
formation in both the susceptible and resistant strains. In the former case, 
these additions did not induce any amine formation while, in the latter, 
the values for arylamine (ug.) formed with the pantothenate and methionine 
additions respectively were 66 and 198, the latter figure being the same as 
for the control basal medium. The inhibition by pantothenic acid and the 
absence of any effect due to methionine would therefore indicate that the 
amine synthesized by B. subtilis is different from kynurenine formed by 
S. aureus (Sevag and Green, 1944), or the carboxamide accumulated by E. coli 
under conditions of sulfonamide bacteriostasis (Bergmann et al., 1952). 


The effect of varying the concentration of pantothenic acid was studied. 
Since reduced formation of arylamine may be due to reduced growth, growth 
was simultaneously measured (Table I). 


TABLE I 


Effect of varying concentrations of calcium pantothenate 
on arylamine formation by resistant strain 





Ca Pantothenate Turbidity 
concentration Total (dilution 1: 2) 

(....Mx10-*)in arylamine (yg.) Klett 
basal medium readings 





None 250 190 
(0-01) 180 182 
(0-02) 180 182 
(0-10) 172 183 
(0-15) 150 

(0-21) 150 185 





There is a gradual decrease in arylamine formation with increasing con- 
centrations of pantothenic acid, the effect due to a low concentration of the 
vitamin being relatively more pronounced. The decrease in arylamine 
formation is not due to a decrease in growth of the organism. 


This inhibition by pantothenic acid prompted a study of certain related 
substances. Those tried were f-alanine, a moiety of pantothenic acid, which, 
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as reported by Shive and Macow (1946), could serve as a precursor of panto- 


thenic acid in some cases, and pantoyl taurine, an analogue antimetabolite 
of the vitamin (Snell, 1941; MclIlwain, 1942). 


TABLE II 


Effects of B-alanine and pantovl taurine on arylamine formation 
by the resistant strain 





Addition to basal medium Arylamine (g.) 





None 250 
Ca pantothenate (5-0 x 10-* M) 164 
B-alanine (1-1 x 10-* M) 248 
Pantoyl taurine (8-0 x 10-* M) 248 


Ca pantothenate + pantoyl taurine 248 





B-alanine does not exert any influence on arylamine formation in the 
resistant strain of B. subtilis. This may be due to several possibilities. The 
organism may not synthesise pantothenic acid from f-alanine or the syn- 
thesis may be very slow. It may also have been blocked completely in the 
drug-resistant strain. Again the possibility is not excluded that endo- 
genously formed pantothenic acid has no retarding influence on arylamine 
formation as is with added pantothenic acid. 


Pantoyl taurine was without any influence by itself but reversed the 
inhibitory effect of pantothenic acid. Even in presence of the antogonist 
the susceptible strain did not produce any arylamine. 


This reversal of inhibition by pantoyl taurine indicated that the 
disappearance of arylamine in presence of pantothenic acid is probably due 
to some reaction after formation of the arylamine in which the vitamin parti- 
cipates. The possibility whether this reaction is acetylation was therefore 
investigated. Estimations of arylamine were carried out both before and 
after hydrolysis with 4 N hydrochloric acid, thus giving free and acetylated 
arylamine. Turbidity was also measured (Table III). 


Hydrolysis with 4 N HCl does not result in increased recovery of the 
arylamine; under these conditions, acetylated sulfanilamide is completely 
deacetylated. Hence if the arylamine is at all acetylated, it may be further 
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TABLE III 


Free and acetylated arylamine in resistant strain in presence 
of pantothenic acid 





Supplement Arylamine 


to Turbidity 
basal medium Free Total 








None 204 200 155 


Ca pantothenate 
(0-1x10-? M) 114 110 150 





converted into a derivative of importance for some physiological processes 
so that the regeneration of the acetylated arylamine does not occur. Allter- 
natively, less arylamine may be formed in presence of pantothenic acid. 
The susceptible strain was not able to utilize the arylamine to any extent, 
when added to the growth medium, during 48 hours of growth, even in pre- 
sence of added pantothenic acid. The arylamine thus does not appear to 
be a normal metabolite. It is not formed as a result of blocking of its further 
utilization by sulfonamides as otherwise it would be utilized by the susceptible 
strain. Conclusive proof that the amine is not an intermediate in the bio- 
synthetic pathway for purines or other essential metabolites would however 
need a study of its utilization or otherwise by purineless or other appropriate 
mutants of organisms (cf. Davis, 1951), since there is a possibility that the 
amine may not be utilized in preference to simpler precursors. 


Effects of other B vitamins.—Several instances have been reported of 
modifications of sulfonamide action by thiamine (Sevag, 1945), riboflavin 
(Gots and Sevag, 1949), p-amino benzoic acid (Woods, 1940), nicotinic acid 
(Wood and Austrian, 1942), folic acid (PGA) (Lampen and Jones, 1947) 
and vitamin B,. (Jukes and Stokstad, 1951; Shive, 1950, 1951). The effects 
of these additions were therefore studied (Table IV). 


Thus thiamine and pyridoxine inhibited significantly the elaboration of 
the arylamine whereas vitamin B,, slightly enhanced it. The lack of any 
effect by pABA and PGA is interesting. It seems that the arylamine does 
not arise on account of a deficiency of pABA nor is pABA and hence pre- 
sumably folic acid a limiting factor in its utilization. This observation further 
emphasizes that the arylamine in question is different from the carboxamide 
produced by E. coli since pABA is known to decrease carboxamide accumula- 
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TABLE IV 


Effects of certain B vitamins on arylamine formation by resistant 
strain of B. subtilis 





Experi- Supplement to Arylamine Percentage 
ment basal medium (ug.) change 





1 None 140 tl 
Thiamine HCI (0-30 x 10-2 M) 91 —35 
Riboflavin (0-27 x 10-* M) 134 nil 
Pyridoxine HCI (0-29 x 10-? M) 84 —40 
None 162 oe 
Nicotinic acid (0-20 x 10-? M) 162 nil 
Biotin (2-04 x 10-* M) 164 nil 
None 250 se 
pABA (0-36 x 10-* M) 250 nil 
None 52 ae 
Pteroy! glutamic acid (0-48 x 10-* M) 50 nil 
None 97 - 
Vitamin B,, (10 yg.) 115 +18 


None 144 ae 
Choline HCI (0-41 x 10-? M) 138 nil 





tion in presence of bacteriostatic concentrations of sulfonamides (Stetten 
and Fox, 1945; Bergmann et al., 1952). 


The increase in the amine produced in presence of vitamin B,, further 
supports the view about its differential nature from the purine precursor 


accumulating in sulfonamide-inhibited E. coli which is counteracted by 
vitamin B,, (Ishai et al., 1951). 


Effects of certain amino acids.—In view of the important role of amino 
acids in the biogenesis of purines (Shive, 1951) and also in view of the present 
studies showing that arylamine from B. subtilis differs from the carboxamide 
precursor of purines, the influence of several amino acids was studied. Unlike 
the enhancing effect on the arylamine formation by E. coli (Ravel et al., 
1948), glycine had no effect in the present case. On the contrary, serine 
(0-45 x 10-2 M) produced a marked (80 per cent.) enhancement. Serine is 
known to increase the sulfonamide to pABA ratio needed to inhibit bacteria 
(Winkler and de Haan, 1948). The pronounced stimulation of the amine 
formation by serine would suggest a study of its possible precursorial role. 
Arginine, known to antagonize sulfanilamide action in Streptococci (Gale, 
1945), was without any effect. Other amino acids did not also influence 
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amine accumulation. It was stated earlier that even though biosynthesis 
of methionine is one of the basic mechanisms affected by sulfonamides (Shive 
and Roberts, 1946; Winkler and de Haan, 1948; Alimchandani and Sreeni- 
vasan, 1955), availability of methionine was not a limiting factor on aryl- 
amine formation in B. subtilis. 


Glycine and Serine are normally interconvertible; this conversion is 
facilitated by pABA and folic acid (Shive and Macow, 1946; Holland and 
Meinke, 1949; Woods and Lascelles, 1950, 1954). The possibility that this 
interconversion may be blocked in the case of the resistant strain was tested 
by studying the effect of glycine in presence of these vitamins. However, 
in no case the normally no effect of added glycine was found to be altered. 


Effects of nucleic acid derivatives—Purines antagonize the inhibitory 
action of sulfa drugs in several micro-organisms (Shive and Roberts, 1946). 
The arylamine formed by E. coli is now recognized to be a purine precursor. 
Sulfonamides seem to interfere in the biosynthesis of purines and pyrimi- 
dines and hence of nucleic acids (Shive, 1951). Their effects on the arylamine 
formation were therefore studied (Table V). 


TABLE V 


Effects of nucleic acid derivatives on arylamine 
formation by resistant strain 





Addition to Arylamine Percentage 
basal medium (ug.) variation 





None 132 
Xanthine (0-35 x 10-? M) 28 


None 123 
Uric acid (0-37 x 10-? M) 157 
Adenine (0:37 x 10-? M) 123 
None 164 
Uracil (0-44 x 10-* M) 226 
Thymine (0-32 x 10-* M) 216 
None 124 
Yeast nucleic acid (5 mg.) 190 





Both the pyrimidines tried and yeast nucleic acid increased the arylamine 
markedly. Uric acid also had an enhancing effect. However, xanthine 
depressed the arylamine elaboration by 79 per cent. Simultaneous turbidity 
measurements in all cases showed that there was no marked effect on growth 
except with xanthine where there was some 28 per cent. growth increase, 
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To elucidate whether xanthine depressed arylamine accumulation by 
facilitating its further utilization, experiments were tried with the culture 
filtrate on the susceptible strain. However, presence of xanthine did not 
help the strain to utilize the arylamine, all the added arylamine being recovered 
at the end of 48 hours of growth. Growth itself was not influenced under 
the conditions of these experiments. 


The formation of the arylamine with the resistant strain of B. subtilis 
and its disappearance in presence of added xanthine might imply that the 
arylamine accumulated on account of a deficiency of xanthine. The effect 
of benzimidazole (0-17x10-?M), a structural antagonist of xanthine 
(Woolley, 1944) was therefore studied. 


The purine antagonist did not induce the susceptible strain of B. subtilis 
to produce any arylamine. However, with the resistant strain, it decreased 
growth by 20 per cent. but arylamine formation was depressed by over 73 per 
cent. The formation of arylamine in the culture filtrate of the resistant 


strain cannot therefore be explained mainly by the hypothesis that sulfon- 
amides condition purine deficiency. 


Effects of various additions on arylamine formation.—The effects of various 
additions on arylamine formation by the resistant strain of B. subtilis are 


summarised in Table VI. No effect was observed with any of the substances 


TABLE VI 


Effect of various substances on arylamine formation 
by resistant strain 





Concentra- - Percentage 
Substance tion change in 


(x 10-? M) arylamine 





Ca pantothenate a 0-21 —60 
Thiamine HCl “ 0-30 —35 
Pyridoxine HCl on 0-29 —40 
Vitamin B,. -~ 10 pg. +18 
Serine - 0-45 +80 
Xanthine as 0-35 —70 
Benzimidazole ea 0-17 —73 
Uric acid .“ 0-37 +27 
Uracil ve 0-44 +38 
Thymine - 0-32 +31 
RNA MP 5 mg. +53 





+ Indicates increase; — Indicates decrease, 
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tested on the susceptible strain. The following compounds had no effect 
on arylamine formation by the resistant strain as well. Glucose (1-1 10-2 M), 
Tryptophan (1-0x10-? M), Methionine (1-:3x10-2 M), _ #-alanine 
(1-1 x10-? M), Riboflavin (0-27x 10M), Nicotinic acid (0-20 x 10-? M), 
Biotin (2-4x10*M), pABA (0-36x10-?M), Folic acid (0-48 x 10M), 
Choline (0-41 x 10-? M), Glycine (0-15 10-? M), Arginine (0-12 x 10-2 M), 
Hydroxyproline (0-15 x 10-2 M) and Adenine (0-37 x 10-2 M). 


DISCUSSION 


The substances formed in the culture filtrates during growth of micro- 
organisms in presence of bacteriostatic concentrations of sulfonamides or 
by micro-organisms resistant to sulfonamides may arise in several ways. . They 
may be essential metabolites specially elaborated as a result of the unfavour- 
able. environment. They may counterbalance the inhibitory action of 
the drug and modify the unfavourable environment. They may also be 
formed as secondary products and may thus represent possible alternate 
reactions which may or may not be of importance in the resistant strain. 


Finally, they could be intermediary products accumulating as a result of 
metabolic blocks. 


In the present studies with B. subtilis, glucose and tryptophan neither 
induced any arylamine formation in the susceptible strain nor enhanced it 
in the resistant strain. Pantothenate had an inhibitory effect. These obser- 
vations show therefore that the arylamine produced by the resistant B. subtilis, 


is different from kynurenine of the resistant S. aureus (Sevag and Green, 
1944). 


The arylamine was produced only by the resistant strain and was inde- 
pendent of the presence of sulfanilamide. Serine increased the arylamine 
formation but glycine had no effect. It was ascertained that this organism 
lacked the ability to bring about glycine-serine conversion (unpublished 
work). Methionine, choline, pABA and folic acid exerted no effect. Vita- 
min B,, had a slight stimulatory effect. These observations are in contrast 
with those on the amine in E. coli (Bergmann et al., 1952) and would suggest 
that the arylamine produced by resistant B. subtilis is different from the purine 
precursor 4-amino-5-imidazole carboxamide produced in E. coli. 


Serine, uric acid, uracil, thymine and yeast nucleic acid increased the 
arylamine formation in resistant B. subtilis. These additions may be meta- 
bolized to an arylamine by the resistant strain and possibly the reactions do 
not exist in the susceptible strain. 
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Among the compounds which decrease arylamine formation it is prob- 
able that xanthine and benzimidazole may compete with a precursor of the 
arylamine and thereby decrease its formation. The decrease observed with 
thiamine or pantothenic acid could arise from oxidative changes in the aryl- 
amine. 


The arylamine is not utilised by the susceptible strain and hence may 
not be a normal metabolite. However, it may happen that a biosynthesised 
metabolite is more effective than when it is supplied externally. 


Purines are essential metabolites and their synthesis would govern growth 
rates. It was however observed that growth stimulation and decrease in 
arylamine formation were independent of each other. Thus, Bergmann et al. 
(1952) found that bacteriostatic action manifested itself after 4 hours, but the 
accumulation of the arylamine started almost immediately. Methionine and 
pABA decreased the arylamine in E. coli without any simultaneous effect 
on growth. Acetic acid slightly enhanced arylamine in E. coli without affect- 
ing growth. Sevag and Green (1944) also found no correlation between 
kynurenine formation and growth of S. aureus. In the present work, xan- 
thine increased growth to some extent but decreased arylamine to the extent 
of 80 per cent. Benzimidazole inhibited growth by 20 per cent. but decreased 
arylamine formation to the extent of 73 per cent. The lack of a correlation 
between arylamine accumulation and growth therefore indicates that drug 


action is not explicable solely in terms of the accumulation of inhibited pro- 
ducts of metabolism. 


It is now recognized that sulfonamide actions cannot be explained solely 
on the basis of pABA antagonism (cf. Sevag, 1946). Sulfonamides have 
been shown to interfere in the biosynthesis of methionine, xanthine, serine, 
valine, thymine, glycine, etc. (Alimchandani and Sreenivasan, 1955) and in 
certain transformations like glycine into serine, pABA into folic acid, etc. 
(Lampen and Jones, 1947). In supplying these metabolites preformed in the 
medium, the incapacity to carry out these basic biosynthetic reactions may 
no longer be effective and the growth inhibition may be overcome to some 
extent. The relative sensitivity of the synthetic reactions, towards sulfon- 
amides is however different and depending on the exact quantity of the drug 
present one or the other product may assume relatively more importance. 


There is also the circumstance that certain substances may create an over- 
all favourable environment and may therefore antagonize the drug. Non- 
specific antagonists like peptone, yeast extract, albumin, urethane, nicotinic 
acid, etc., are in this category. Some of these antagonists can react with and 
directly neutralize the toxic effect of the drug. Others may combine with 
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and protect the enzyme proteins making them less easily available for 
sulfonamides (cf. Work and Work, 1948). 


There are reports of changes in metabolic patterns associated with acqui- 
sition of drug-resistance. Thus, a strain originally capable of growing with- 
out methionine, required methionine as an essential growth factor during 
training in synthetic media containing methionine and increasing amounts 
of sulfanilamide; a resistant strain trained in the absence of methionine did 
not require it as a growth factor (Kohn and Harris, 1942). Lampen and 
Jones (1946) stated that strains which are able to synthesise folic acid are 
sensitive to sulfonamides under conditions where they are forced to synthesise 
the essential metabolite but insensitive when it is supplied in the medium. 
S. aureus trained until resistant to a sulfonamide in the presence of glucose 
is not resistant to the drug when glucose is replaced by pyruvate (Sevag and 
Green, 1944) indicating that the resistant organism develops an alternate 
metabolic process which bypasses pyruvate. The same workers also found 
that repeated subculture of resistant organism in a medium free of glucose 
resulted in a strain resistant to sulfonamides even in the absence of glucose, 
The results indicate that the nature of the medium employed has an important 
influence on the biochemical characteristics developed during formation of 
a resistant strain. Such a strain, as has been studied here, may be expected 
to have a different metabolic pattern from the parent organism and in this 


process develops an arylamine the formation of which in turn is affected differ- 
ently by various metabolites. 


The possibility that the resistant strain on being transferred to media 
containing, in addition to the basal medium, one or the other of the different 
additions studied and shown to have an enhancing or depressing effect on 
arylamine formation might have mutated to different forms with altered meta- 
bolism in each case and therefore with the formation of more than one aryl- 
amine was considered unlikely for the following reasons. In the first place, 
such wide alterations seem improbable in the course of a single transfer. 
Secondly, the growth rates of the resistant strain in presence of sulfanilamide 
before and after such a transfer, during 24 hours, to a medium containing 
added metabolites like glycine, pantothenate, etc., were more or less identi- 
cal. Such would not be the case if during a transfer into such media contain- 
ing added metabolites the organism had changed type. 


The observations presented here are inadequate in elucidating the bio- 
synthetic pathway for the arylamine formed, or its relationship to essential 
metabolites. Nevertheless, they serve to emphasise the many different types 
of metabolic interference in drug action, 
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SUMMARY 


A diazotizable arylamine is formed in culture filtrates of a growing sulfa- 
nilamide-resistant strain of B. subtilis. 


The arylamine accumulates under normal cultural conditions in peptone 
or in synthetic media. The presence of sulfanilamide is not necessary for its 
formation. Actual multiplication of cells however appears essential for the 
formation of the arylamine. There is no correlation between arylamine 
formation and growth of the organism. 


Vitamin B,,, serine, uric acid, uracil, thymine or yeast nucleic acid in- 
creases the arylamine synthesis to an appreciable extent. 


Pantothenic acid, thiamine, pyridoxine, xanthine or benzimidazole con- 
siderably decreases the arylamine formation. 


Other additions like glucose, tryptophan, glucose + tryptophan, methio- 
nine, B-alanine, pantoyl taurine, riboflavin, nicotinic acid, biotin, p-amino- 
benzoic acid, folic acid, choline, glycine, glycine in presence of p-amino- 
benzoic acid or folic acid, arginine, hydroxyproline or adenine do not exert 
any appreciable influence on arylamine formation. Pantoyl taurine annulled 
the inhibitory influence of pantothenic acid. 


The effects of glycine, serine, pantothenic acid and xanthine on the aryl- 
amine formation have been studied in some detail. 


The parent susceptible strain of B. subtilis does not cause any detectable 
arylamine accumulation under normal cultural conditions or in presence of 
various metabolite additions. Also none of the substances, tested, could 
induce the susceptible strain to produce any arylamine. 


The arylamine is not utilised by the susceptible strain under normal 
cultural conditions or in presence of pantothenic acid or xanthine. 


The observations clearly distinguish the arylamine formed by the resist- 
ant B. subtilis from the two known arylamines, kynurenine and 4-amino- 
5-imidazole-carboxamide accumulating respectively in resistant strains of 
S. aureus and of E. coli under sulfonamide bacteriostasis. 
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THERE are several reports on the interference of oxidative mechanism in 
bacteria by drugs (Henry, 1943; Sevag, 1946). Sulfonamides are known to 
affect the utilisation of glucose (Clifton and Loeuringer, 1942; Dorfman and 
Koser, 1942; Sevag and Shelburne, 1942; Sevag, Henry and Richardson, 
1945), and of essential anfino acids (Sevag and Green, 1944). More speci- 
fically, their effect has been shown on the metabolism of pyruvate (Sevag 
et al., 1942, 1945), glycerol and lactate (Macleod, 1939) and succinate and 
glutamate (Frei, 1942). Sevag et al. (1944) suggested a correlation between 


flavoprotein activity and drug resistance from analysis of various observa- 
tions. 


Macleod (1939) and Macleod and Dadi (1939) reported that sulfapyri- 
dine-resistant Pneumococci have decreased dehydrogenase activity and a 


reduced ability to form hydrogen peroxide. Gots and Sevag (1948) also 
showed that resistant strains of Pneumococci have lowered dehydrogenase 
activity. A difference in the interrelationship of amino acid requirements 
and glucose metabolism by the susceptible and resistant strains of Staphylo- 
coccus aureus was also noted by Sevag and coworkers (1949, 1950). The 
metabolism of glucose provides the necessary energy for the utilisation of 
amino acids in endergonic reactions. Sevag, Gots and Steers (1950) have 
reviewed the effects of sulfonamides on various other enzymes. 


A comparative study of certain dehydrogenase activities of susceptible 
and sulfanilamide-resistant strains of Bacillus subtilis with different sub- 
strates is reported in this communication. 


EXPERIMENTAL 


Culturing and harvesting —The studies were carried out with the suscep- 
tible and 0-5 per cent. sulfanilamide-resistant strains of B. subtilis, a local 
isolate employed in the earlier studies (Joshi and Sreenivasan, 1958). The 
culture media used were (i) peptone medium (Stearn’s peptone, | per cent.; 
glucose 1 per cent.; and sodium chloride 0-5 per cent. and (ii) the medium 
of Muir et a/. (1942) with 1 per cent. casein hydrolysate. 
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Inocula of susceptible and resistant strains of the organism were grown 
in 10 ml. lots of the medium, the latter in presence of 0-5 per cent. sulfanil- 
amide, for 18 hours at 37° and washed by centrifugation twice with 0-9 per 
cent. ice-cold sodium chloride. The packed cells were then transferred 
aseptically to 100 ml. sterile medium in Roux bottles and incubated at 37° 
for 18 hours. The cells were centrifuged, washed twice with M/20 phosphate 
buffer (pH 7-4) and suspended in 25 ml. of the buffer. The volume of cell 
suspensions was adjusted such that 1 ml. was equivalent to 1-5-2-0 mg. 
dry weight of cells. 


Determination of dehydrogenase activities —The dehydrogenase activities 
were measured by the time required to reduce methylene blue anaerobically. 
Thunberg tubes were used initially but Schnabel technique (1920) was followed 
later using ordinary rimless narrow diameter tubes. The system consisted 
of 2 ml. of M/20 phosphate buffer (pH 7-4), appropriate concentrations, as 
indicated in the text, of methylene blue, substrate, and cell suspension in a 
final volume of 5 ml.; the surface was covered with 2 ml. petroleum jelly. 
The tubes were incubated at 37° and the time was noted immediately after 
adding cell suspension and petroleum jelly. Time of 100 per cent. decolorisa- 
tion of the methylene blue was recorded. 


RESULTS 


Preliminary experiments were carried out using the susceptible strain 
grown in peptone medium and with glucose in a final concentration of 2-7 x 
10 M to ascertain the optimum concentrations of methylene blue and cell 
suspension for following dehydrogenase activities. 


Methylene blue in a concentration of 1-7x10-* M was inhibitory as it 
was not decolorised during 3 hours in the presence or absence of glucose 
with 1-0 ml. or 2:0 ml. of cell suspension. With 6-8 x 10-* M to 17:0 10-* M 
concentrations of methylene blue, dehydrogenation with glucose as substrate 
occurred in about 15-40 minutes. At the same time, endogenous activity was 
low, decolorisation time being more than 180 minutes. A few typical results 
are given in Table I. 


Endogenous activity was 20-25 per cent. of the dehydrogenase activity. 
Both endogenous and dehydrogenase activities were proportional to the 
amount of cell suspension and were independent of methylene blue concentra- 
tion over the given range. There were variations in the absolute values for 
dehydrogenase activity with different preparaticns of cell suspensions and 
hence comparisons were made only with the same preparation each time. 
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Preservation of cells at 0° for 48 hours resulted in about 50 per cent. 
loss in activity. Only freshly harvested cells were therefore used in all 
experiments. 


TABLE I 


Dehydrogenase activities of susceptible strain with varying 
concentrations of methylene blue and cell suspension 





Methylene blue reduction time 
Methylene Cell (minutes) 
blue suspension 
(x 10-* M) (ml.) Without With glucose 
substrate (2-7x 10-*M) 








2-0 >180 >180 
1-0 >180 95 
2-0 72 15 
6°8 2-0 62 16 
13-6 1-0 200 37 
6°8 1-0 135 33 





Dehydrogenase activities of susceptible and resistant strains —Dehydro- 
genase activities of susceptible and resistant strains of B. subtilis using as 
substrates glucose, glycerol, sodium pyruvate, calcium lactate and ethyi alcohol 
are given in Table II. 


The results show that dehydrogenase activities of resistant strain are 
lowered with all the substrates studied. The susceptible strain has low 
activity with ethyl alcohol, sodium pyruvate and calcium lactate as substrates. 
Gots and Sevag (1948) found that glycerol dehydrogenase activities with sul- 
fanilamide-resistant strains of Pneumococci grown in peptone medium are 
impaired. They found no alteration in glucose dehydrogenase activity. 


When peptone medium was replaced by the medium of Muir et al. (1942) 
with 1 per cent. casein hydrolysate, somewhat different results were 
obtained (Table III). 


The endogenous activities of both susceptible and resistant strains were 
rather high and were not also proportional to the amount of cell suspension 
taken. With the lower concentration of cell suspension, the dehydrogenase 
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TABLE II 


Dehydrogenase activities of susceptible and resistant strains 
(Peptone medium) 





Methylene blue (13-6 x 10-* M) 


reduction time (minutes) 
Substrate 





Susceptible strain Resistant strain 
(2 ml.) (2 ml.) 





None ws 27 203 
Glucose (2:7 x 10-* M) oe 7 115 


Glycerol (100 x 10-* M) a 180 
Calcium lactate (4-5x10-*M) .. 168 
Sodium pyruvate (9-0x10-*M) .. 

Ethyl alcohol (8-0 x 10-* M) 





TABLE III 


Dehydrogenase activities of susceptible and resistant strain 
(Synthetic medium) 





Methylene blue (13-6 x 10-* M) 
Cell ., reduction time (minutes) 
Substrate suspension 
-: (ml.) Susceptible Resistant 
strain strain 








None es ° 60 135 


None - . 18 20 
Glucose (2-7 x 10-* M) . 32 120 


Glucose (2-7 x 10-* M) 14 14 
Glycerol (1 x 10-2 M) : 32 36 


Glycerol (1 x 10-2 M) . 16 14 
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activity with glucose as substrate is lowered in the resistant strain but the 
activity with glycerol is not much altered. 


With an excess of cell suspension, however, the activities with susceptible 
and resistant strains are more or less similar. The high endogenous acti. 
vities and the anomalous behaviour of the cell suspension on dilution pre. 
clude quantitative conclusion. Sevag and Gots (1948) also observed some. 
what similar behaviour on dilution of cells. The dehydrogenase activity of 
susceptible cells of Pneumococci was not impaired on dilution but resistant 


cells lost most of the activity on dilution. Higher concentrations of glucose 
appeared inhibitory. 


Dehydrogenase activities of cell-free extract—A decrease in permeability 
towards a drug as well as towards substrates during development of resist. 
ance might explain the decreased dehydrogenase activities as well as drug 
resistance. Alteration of the enzymic make-up of a cell as a result of sulfo- 
namide resistance need not therefore preclude permeability changes or deve- 
lopment of polysaccharide sheaths (Umbriet, 1944). The difference between 
the lactose fermenting cells of B. coli mutabile and the non-lactose fermenters 
is chiefly a difference in permeability to lactose (Deere, 1939). This possi- 
bility in the case of B. subtilis was therefore examined using glucose as sub- 
strate with cell-free extracts. 


The harvested cells (peptone medium) were crushed with the aid of glass 
powder in a glass mortar and pestle and extracted twice with 10 ml. of M/20 
phosphate buffer (pH 7:4), centrifuged to remove glass powder and made 
upto 25 ml. with buffer. The opalescent extract was used for determination 
of dehydrogenase activity (Table IV). 


__TABLE IV 


Dehydrogenase activities of cell-free extracts 





Methylene blue reduction time (minutes) 
Cell-free 


extract Susceptible strain Resistant strain 
(ml.) 








No substrate With glucose No substrate With glucose 





0:5 >1260 >180 >1260 >120 
1-0 1275 180 220 110 
1-5 220 110 105 60 
2:0 105 61 60 40 





~ Methylene blue, 13-6x10-®M; Glucose, 2-7 10-* M. 
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The resistant strain has more endogenous activity which diminished 
proportionately with the extract taken. An accelerated endogenous activity 
would obscure and weaken dehydrogenase activity. When dehydrogenase 
activities are compared with endogenous activities as the basal line of reference, 
it is seen that the resistant strain is far less active than the susceptible strain. 
The observations show that the behaviour of the cell-free extract of either 
susceptible or resistant strain is comparable to that of the corresponding 
intact cells. It seems therefore that the development of resistance and de- 
creased dehydrogenase activity of the resistant strain may not be due to altera- 
tion in cell-wall permeability. Yegian and Budd (1945) also found that 
sulfonamide-resistant Mycobacteria were not less permeable than the parent 
non-resistant strains. Sevegs and Gots (1948) reported that the drug resistant 
cells of Pneumococci did not undergo decrease in permeability to drugs, sub- 
strates or riboflavin. In fact the data suggested that resistant cells might 
manifest greater permeability to these agents. 


DISCUSSION 


The foregoing observations show that dehydrogenase activities of the 
resistant strain of B. subtilis are impaired as compared to those of the sus- 
ceptible strain. Gots and Sevag (1948) also observed an impairment in de- 
hydrogenase activities in Pneumococci rendered resistant to atabrine, propa- 
midine, optochin, acriflavine and sulfathiazole when grown in peptone medium. 
The alteration in the enzyme content is dependent upon the initial activity 
of the organism and the number of organisms present in the system and, in 
certain cases, also on the nature of the organism, substrate and substrate 
concentration. 


Sevag and Gots (1948) studied the effect of atabrine, acriflavine and 
related drugs structurally similar to riboflavin and found that reduction in 
dehydrogenase activity could be restored by riboflavin. In sulfathiazole- 
resistant strains of Pneumococci, they found that only glycerol dehydrogenase 
activity was lowered and that this retarding effect was not reversed by ribo- 
flavin. Catalase was used to guard against the toxic action of hydrogen 
peroxide which may be produced. The observations of Sevag and Gots, 
however, were not in complete agreement with those of Macleod (1939) who 
reported sulfapyridine inhibition of glycerol, lactate, and pyruvate dehydro- 
genase activities with type 1 Pneumococcus. The dehydrogenase activities 
in all substrates examined by Sevag and Gots (1948) were completely unaffect- 
ed by high concentrations of sulfonamides. As suggested by them, the 
variable activity may be a reflection of varied metabolic capacities of different 
organisms, The findings emphasise the difficulties involved in such studies. 
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As the synthesis of most amino acids depends. on glucose metabolism 
and since this is susceptible to sulfathiazole, the enzymes involved in the 
metabolism of glucose and the tricarboxylic acid cycle supplying a-Keto acids 
for amino acid synthesis must represent a critical site of sulfonamide action, 


The blocking of glucose and amino acid metabolism by sulfonamide 
would constitute the primary site of drug action and unhindered functioning 
of the physiological activities of the resistant organisms must depend on 
metabolically active sites not susceptible to the action of the drug. 


The present studies, although essentially preliminary, would point out 
that cell permeability is not a factor in itself contributing to changes in enzy- 
mic make-up of susceptible and resistant strains of B. subtilis. 


SUMMARY 





The dehydrogenase activities of susceptible and sulfanilamide-resistant 
strains of B. subtilis grown in peptone or semi-synthetic media have been 
studied with glucose, glycerol, calcium lactate, sodium pyruvate and ethyl 
alcohol as substrates. The resistant strain showed a marked decrease in 
dehydrogenase activities with all the substrates. 


The behaviour of the cell-free extracts of susceptible or resistant strains 
was comparable to those of the corresponding intact cells, indicating that 
decreased dehydrogenase activities of the resistant strain may not be due to 
alteration in cell-wall permeability. 
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INTRODUCTION 





THERE secms to be little doubt that pectic enzymes secreted by pathogenic 
fungi play an important role in the development and manifestation of fusa- 
riose wilts of vascular plants (Garrett, 1956; Lakshminarayanan, 1956, 
1957 a, b) and the main focus of interest has been pectin methyl esterase 
(PME). PME was detected and estimated in vivo in wilt-infected cotton 
(Lakshminarayanan, 19574) and tomato plants (Waggoner and Dimond, 
1955). Gothoskar et al. (1953, 1955) earlier reported a correlation between 
PME activity of bran culture extracts of the pathogen Fusarium lycopersici 
Sace. and toxicity of susceptible tomato cuttings. Kamal and Wood (1956) 
indicated a correlation between depolymerase activity and in vitro toxicity 
to cotton cuttings of culture filtrates of Verticillium dahlig. The author 
reported significant differences in the distribution of pectin in the different 
organs of susceptible and resistant varieties of cotton and a phenominal 
depletion in root pectin reserves, during pathogenesis, which was attributed 
to the in vivo action of the pectic enzymes PME and PG (pectinase) produced 
by the pathogen Fusarium vasinfectum. The pathogen F. vasinfectum has 
been known to produce PME both as an endo- and exo-enzyme in pure cul- 
tures (Lakshminarayanan, 1955) and in the present paper is described the 


factors controlling the activity of the endo-cellular mycelial preparation of 
the enzyme. 
















METHODS AND MATERIALS 
Preparation of the Enzyme 


A pathogenic strain of F. vasinfectum employed in earlier studies (Lak- 
shminarayanan, 1956, 1957 a, b) was grown in Richard’s medium in Erlen- 


* Formed part of a doctoral thesis of the University of Madras, 1955. 
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meyer flasks (500 ml. with 100 ml. medium) for three weeks at room tempe- 
rature (28-31°C.). At the end of the incubation period the mycelia were 
harvested and washed thoroughly in successive changes of distilled water. 
The washed mycelia were dried between folds of filter-paper, cooled to 0° C. 
(in freezing mixture) and treated with 10 vol. of ice-cold acetone (for dehydra- 
tion and defatting) and thoroughly macerated in a pyrex mortar. The sus- 
pension was rapidly filtered, under suction, and extraction repeated until 
filtrates were free from pigments. The dehydrated preparation was washed 
with ice-cold petroleum ether (B.P. 45-50° C.) on the Buchner followed by 
ether. The ether was rapidly evaporated under the fan and the enzyme 
powder dried in vacuum over anhydrous CaCl, overnight. The dried powder 
was finely ground and stored in air-tight containers at 3-4° C. 


Enzyme activity.—The enzyme activity was followed on the lines indi- 
cated by Kertesz (1937). The substrace was 1% apple pectin (B.D.H.) and 
the concentration of the enzyme | mg./ml. distilled water. (Powder homo- 
genized in Waring blender for 10 min.). The temperature of incubation 
was 33°C. and the mixtures had the following composition: 25 ml. sub- 
strate + 10 ml. enzyme + 5 ml. distilled water. One or two drops of methyl 
red (0:1% alcohol solution) was added to the mixture which was titrated 
against 0-1 N NaOH until the pink colour disappeared. During hydrolysis 
enough NaOH was added every 5 min. from the micro-burette to prevent 
the solution from becoming pink. The reaction was followed for 1 hour 
through most of the activity was recorded in 30min. A complete set of 
blanks and controls and heat-inactivated series were maintained in tripli- 
cate and the PME activity expressed as mean after allowing for the blanks 
and controls. 


The number of mg. of methoxyl groups split off during the 1 hour (total 
volume of NaOH x 3-1) divided by the volume of enzyme gave the number 
of units of PME/mg. dry weight of the enzyme. The number of units of 
enzyme activity/100 mg. of the enzyme are presented in each case. 


RESULTS AND DISCUSSION 


(a) Efficiency of different agents for extraction of PME.—The following 
extractants were employed to find out the most suitable one for the extrac- 
tion of PME from the mycelial enzyme preparation: A, 80% glycerol 
neutralized to pH 7-0 with 0-02 N NaOH; B, 1C% NaCl; C, 3% dextrose; 
D, 10% sodium acetate; E, 0-02 N ammonia; F, Mcllvaine’s buffer pH 6-2 
and G, distilled water. 100 mg. of the dry powder was suspended in 100 ml. 
of each of the extractants, homogenized in Waring blender (10 min.), centri- 
fuged at 2,000 r.p.m. for 10 min, and the clear centrifugate employed as the 
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source of enzyme. The percentage enzyme extracted was calculated on the 


basis that 100 mg. of the dry powder homogenate in distilled water had an 
activity of 51-45 units. 


The results presented in Table I indicate that 10% saline is the best 
extractment for the enzyme and extracts 72% of the total activity and distilled 


water appears to be the next best. Alkaline extractants seem to inactivate 
the enzyme rapidly. 


TABLE I 


Efficiency of various agents in extracting PME of F. vasinfectum 





Units of enzyme _ Percentage 
No. Extractant activity in 100 mg. enzyme 
of the enzyme extracted 





Distilled water 34-10 66-28 
Glycerol (80 per cent.) 29-45 57-23 
Dextrose (30 per cent.) 20-15 39-07 
NaCl (10 per cent.) 37-20 72-30 
NH,OH (0-025 N) 12-40 24-10 
Sodium acetate (10 per cent.) 4-65 9-04 
Buffer pH 6-2 15-50 30-40 


A 
B 
Cc 
D 
E 
F 
G 
H 


Control 51-45 100-00 





In view of the maximal efficiency of 10% saline for extraction of the en- 
zyme the following concentrations of saline were studied to determine the 
optimum for extraction: A,0-125M; B,0-25M;C,0-5M; D,1-0M; 
E: 2:5 M. The results presented in Table II indicate 0-25 M NaCl to be the 
best for the extraction of the enzyme. This concentration was therefore 
employed in subsequent studies. 


Lineweaver and Ballou (1945) have observed that PME is greatly acti- 
vated by 0:2 M monovalent or divalent cations at pH 5-7. The activation 
of PME by low concentrations of calcium is well known (Kertesz, 1951). 
Saline has been employed by other workers for desorbing the enzyme in higher 
plants where it occurs strongly adsorbed on the water-insoluble cellular com- 
pounds of tissue macerates (Willaman et a/., 1944; Kertesz, 1937). The 
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use of NaCl for salt activation of the enzyme has also been suggested 
(Kertesz, 1937). The amount of salt required for maximal activation of 


TABLE II 


Effect of varying concentration of saline on extraction of the enzyme 





Concentration Enzyme activity 
No. of in 100 mg. 
NaCl of the enzyme 





0-000 (Water) 34-10 
0-125M 18-60 
0-250 M 35-65 
0-500 M 40-30 
1-000 M 37-20 
2-500 M 32-70 





the enzyme was shown to diminish with purification of the enzyme (Kertesz, 
1951). McColloch and Kertesz (1947) have, however, reported the activa- 
tion of mold PME to be less pronounced than the PME from higher plants. 
The PME of F. vasinfectum seems to resemble that from higher plants in this 
respect. 


(b) Effect of substrate concentration on enzyme activity—The following 
volumes of the substrate (1% pectin) wete employed to fix the optimal con- 
centration for maximal activity: A, 5ml.; B, 10ml.; C, 15ml.; D, 
20 ml.; E, 25ml.; F, 30ml. The final volume was kept at 40 ml. in each 
case. The results presented in Table III indicate that the enzyme activity 
rises with increase in substrate concentration and records the peak value 
at 25 ml. and falls at the highest level. This concentration was therefore 
employed in further studies. 


There has been conflicting views in literature on the kinetics of PME 
action. The reaction has been variously described as of the first order 
(Kertesz, 1937), of zero order (Lineweaver and Ballou, 1945) and partially 
of the zero order for the first 40-50% of hydrolysis (Hills and Mattern, 1947). 
The conditions for maximal activity seem to vary with the purity and source 
of the enzyme but consistent within given set of factors, 
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TABLE III 


Effect of varying the substrate concentration on enzyme activity 





Substrate con- Units of enzyme 
No. centration (inc.c. activity in 100 mg. 
of 1 per cent. of the enzyme 
pectin solution) 





5:0 3-0 
10-0 4-65 
15-0 10-85 
20-0 29 -30 
25-0 51-45 
30-0 32-55 





(c) Effect of initial pH on the enzyme activity —The next factor studied 
was the influence of the initial pH of the reaction mixture on the enzyme 
activity. The initial pH of the substrate and enzyme were kept at the follow- 
ing levels prior to mixing: A,4-0; B,4-5; C,5:0; D, 5:5; E,5-8; 
F, 6:0; G, 6:2; H, 6-5; I, 6-8; J, 7-0; K, 7:5; L, 8-0. The reaction 
mixtures had the following composition: Substrate 25 ml. + enzyme 10 ml. 
+ Mcllvaine’s buffer at the different levels 2-0 ml. + distilled water 3-0 ml. 


Table IV gives the number of units of PME/100 mg. of the enzyme. 
The results indicate that the pH optimum for maximal activity of the enzyme 
is in the range 6-0-6-2 though the enzyme is quite active over the range 
5-0-6-5 and increases with rise in pH. The enzyme is rapidly inactivated 
on the alkaline side and to a much lesser extent on the acid side. The addition 
of buffer tended to make the end points indefinite besides resulting in 
higher blank values and was therefore avoided in subsequent studies. 


The results are similar to those reported by earlier workers (Lineweaver 
and Ballou, 1945; Holden, 1946; McColloch and Kertesz, 1947). 


PME from the molds has been reported to be different from that of plants 
in that it is active in a salt-free medium even below pH 4-25 (Fish and Dust- 
man, 1945; McColloch and Kertesz, 1947) and having a lower pH optimum 
of 4-5-5-0. The F. vasinfectum PME thus seems to resemble that from plants 
in having a higher pH optimum, 
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TABLE IV 
Effect of varying initial pH on the PME activitv 





No. of units of 

PME activity in 

pH 100 mg. of the 
enzyme 





4-0 9-30 
4°5 15-50 
5-0 31-00 
5°S 34-10 
5-8 35-65 
6-0 37-20 
6:2 37-20 
6°5 32°55 
6°8 15-50 
7-0 9-30 
7°5 4°65 
8-0 0-00 


A 
B 
Cc 
D 
E 
F 
G 
H 


— 


- ee ™ 





(d) Effect of temperature on the enzyme activity—The substrate and 
enzyme solutions were separately incubated at the respective temperatures 
for 30 min. prior to mixing. The results presented in Table V would indicate 
the temperature optimum for the enzyme to be 33° C. with a steep rise from 
the lowest level 27° C. 


The effect of temperature of incubation of the reaction mixture on the 
enzyme activity was studied at the following levels: A, 27°; B, 31°; C, 33°; 
D, 35°; E, 40°C. 

The activity diminishes to about 6% of the maximum at the highest level 
of 40°C. Mold PME has been reported to be much more sensitive to tem- 


perature than plant PME (Kertesz, 1939). The PME in F. vasinfectum 
though less sensitive to heat inactivation if separately inactivated, the enzyme 
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activity of the reaction mixtures incubated above the temperature optimum, 
however, rapidly falls. Different temperature optima have been reported 
by many workers for PME, e.g., 20°C. at pH 8-0 (Holden, 1946); 30°C. 
at pH 6-2 (Kertesz, 1939). Activation of PME by heating to 80°C. for a 
few seconds at pH 4-0 is also known (Kertesz, 1939; 1955). In general, 













TABLE V 


Effect of temperature of incubation on the enzyme activity 





Enzyme activity 
in units per 
100 mg. 


No. Temperature 
“ 













27 
31 
33 
35 


9-30 
12-40 








44-95 
32-55 
6-20 








37 






















“moa we > 


40 3-10 








the temperature optimum for maximal activity and heat sensitivity of the 
enzyme preparation seem to depend not only on the source and purity of the 
enzyme but also on the pH optimum and the concentration of ions present. 


(e) Effect on enzyme concentration on the hydrolysis of pectin—Table V1 
gives the enzyme activity for 100 mg. of the preparation as the concentration 
rises from 2-5 ml. to 12-5 ml. under the optimum conditions indicated earlier: 
A, 2:5ml.; B, 5-Oml.; C, 7-5ml.; D, 10ml.; E, 12-5ml. The total 
volume was kept at 40 ml. in each case by the addition of the necessary 
amount of 0-5 M NaCl to maintain equivalent saline concentrations. The 


substrate concentration was 25ml.; pH 6:2 and temperature incubation 
33- C. 





The results indicate that the percentage hydrolysis increases with increas- 
ing concentration of the enzyme indicating that the conditions employed are 
optimal for maximal activity of the enzyme. 


The foregoing results on the optimal conditions for the activity of the 
PME from F. vasinfectum show that the enzyme resembles other mold PME 
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preparations in certain respects and the plant PME in others. As indicated 
earlier, recently considerable interest has centred round the role of this 
enzyme in the fusariose wilts of vascular plants. The normal healthy tissues 


TABLE VI 


Effect of varying the enzyme concentration on the activity 





Volume of Enzyme activity in 
No. enzyme units per 100 ml. of 
added in ml. _the enzyme solution 





2°5 6-20 
5-0 9-30 
7:5 23-25 
10-0 34-30 

ye 
12-5 49-60 





of susceptible cotton plants contain a very low level of the enzyme while wilt- 
infected ones record much higher activity especially at the site of infection, 
yiz., the root region (Lakshminarayanan, 1957a). PME in conjunction 
with PG has been indicated to be functional in the fusariose wilt of cotton 
(Lakshminarayanan, 1955) though the extent to which each might be res- 
ponsible for the breakdown of root-pectin (Lakshminarayanan, 1956) is not 
clear. The production of PME by F. vasinfectum has been shown to be 
partially adaptive in vitro and suggested to be so in vivo during pathogenesis 
(Lakshminarayanan, 19575). Recent work of the author on the nature of 
resistance in barley to root-rot by Helminthosporium sativum indicated--the 
presence of a factor inactivating PME in resistant varieties. It is of consider- 
able interest to record the similarity of F. vasinfectum PME to that from higher 
plants and this may be one of the factors influencing parasitism. 
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SUMMARY 


The factors governing the activity of endo-cellular PME from F. vasin- 
fectum as efficiency of extractants, substrate concentration, pH and tempera- 
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ture are reported. The enzyme resembles other mold PME preparations in 


certain respects and the plant PME in others. The significance of these 
observations is discussed. 
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INHIBITION of marine bacteria by antibiotics is engaging the attention of 
researchers in the fields of marine biology and fisheries during recent years. 
Spencer (1952) used antibiotics in the isolation of bacteria-free cultures of 
marine phytoplankton organisms. Shewan et al. (1954) suggested a method 
for rapid differentiation of asporogenous rods commonly occurring in the 
marine environment based on the differences in their sensitivity to certain 
antibiotics. Oppenheimer (1955) in his studies on the effect of marine bac- 
teria on the development and hatching of pelagic fish eggs, employed various 
antibiotics including aureomycin, singly and in different combinations, for 
controlling bacterial growth. Tarr eft al. (1950) studied the effect of several 
antibiotics in retarding the spoilage of fish stored in ice and reported aureo- 
mycin to be most effective in low concentrations. 


The bacteria which cause spoilage in sea fish are largely of marine origin, 
though other bacteria might also be introduced through handling. Further, 
certain bacterial genera, i.e., Achromobacter and Pseudomonas appear to be 
more significant than the others in fish spoilage (Shewan, 1949; Wood, 1940). 
In view of the promise held forth by aureomycin as a possible preservative 
for fish it is of practical importance to know to what extent marine bacteria 
are affected qualitatively and quantitatively by this antibiotic: In this con- 
nection, the inhibiting action of aureomycin in different concentrations on 
the growth of a number of bacterial species isolated from the. marine environ- 
ment and from sea fish, and on the bacterial population of sea-water, was 
studied. The results are reported in this paper. 


MATERIALS AND METHODS 
The bacterial cultures used for these studies were from the stock of well- 
documented types isolated in this laboratory (Velankar, 1957). A freshly 


* Published with the permission of the Chief Research Officer, Central Marine Fisheries 
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prepared concentrated solution of aureomycin hydrochloride was sterilised 
by filtration and used for incorporating in agar medium. After melting the 
agar the aureomycin solution was added aseptically at 42°C. rapidly and 
slopes prepared. A loopful of growth on agar of the stock culture was taken 
up in 5 ml. of sterile saline (1% NaCl in distilled water) and a loopful of the 
suspension was streaked on aureomycin-treated and control agar slopes. 
In the case of the organisms which required sea-water or 3% NaCl for opti- 


mum growth sea-water agar was employed; for the rest of the cultures fresh- 
water agar was used. 


The growth appearing on the inoculated slopes was observed every 
twelve hours. 


Sea-water samples were collected in sterile 1 lb. glass bottles from about 
2 miles off the shore in the Palk Bay at Mandapam. 


The stability of aureomycin at the level of 2 p.p.m., i.e., the lowest con- 
centration employed in these studies, in sea-water agar at room temperatures 
was determined empirically as follows: Sea-water agar slopes containing 
2p.p.m. of aureomycin hydrochloride were prepared as described above; 
on each successive day one of these and a control agar slope (containing no 
aureomycin) were inoculated with an organism which was known to be very 
sensitive to 2p.p.m. of aureomycin. The growth appearing on the control 
and the aureomycin treated slope was observed after 24 hours. The absence 
of growth on the test slope and the presence of good growth on the control 
slope was taken as the indication of the stability of the antibiotic at room 
temperature in sea-water agar medium. 


RESULTS 
The results are shown in Tables I to V. 


With the exception of two or three all the bacteria were sensitive to aureo- 
mycin. Approximately 40% were sensitive to the level of 2 p.p.m., 30% to 
5 p.p.m. and 30% to 20p.p.m. In the case of those sensitive to 2 p.p.m. 
the lag period (Table I) varied from 4 to 4 days; in those sensitive to 5 p.p.m. 
from | to3 days and in those sensitive to 20 p.p.m., the period was about 4 days. 
Bacteria sensitive to 2 p.p.m. included spp. of Gram-negative achromic 
rods (motile with polar or peritrichous flagellation or non-motile), Vibrio, 
Flavobacterium, Bacterium and Bacillus and an agar digester resembling 
Cytophaga. Yellow, red and violet pigment producing polar flagellated rods 
and denitrifiers belonging to the Pseudomonas were sensitive to higher levels, 
j.€:.; 5 and 20p.p.m. The cocci were more resistant than the Gram-negative 
rods. In the Bacillus the degree of sensitivity varied greatly; the isolate 
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TABLE I—Contd. 





Sl. No. 


of Brief description of the organism 
culture 


Source 


Parts per million 
of aureomycin 
hydrochloride 





2 


5 


20 


50 





Gram-negative motile rods with 
peritrichus flagellation 
(Produces gas from lactose) 


Small Gram-negative rods 
non-motile prage pigment 


Gram-negative, non-motile rods, 
canary, yellow pigment 


Gram-negative-non motile rods ; 
red pigment 


Yellow pi gment 


Gram-negative-motile rods ; 
polar flagellation; orange 
yellow pigment and a dark 
diffusible pigment 


Gram-negative non-motile long 
(1-5 x 6-12 pz) rods; digest 
agar; flesh coloured pigment 


Gram-negative motile rods, 
single polar flagellum 


Gram-negative motile rods ; 
polar flagellation; light 
yellow pigment 


Gram-negative motile rods ; 
polar flagellation; bright 
pink (magenta) pigment 


Gram-positive cocci in clusters ; 
rose pigment 


Marine mud 


Spoiled fish 


Sea-water 


Sea-water 


Fish slime 


Sea-water 
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culture 


Brief description of the organism 


Parts per million 
of aureomycin 
hydrochloride 





5 20 





Gram-positive cocci; golden 
yellow pigment 


Gram-positive cocci; lemon 
yellow pigment 


Gram-positive cocci (in 
clusters); no pigment 


Gram-positive cubical packets ; 
sulphur yellow pigment 
(Sorcine sp.) 


Gram-positive cocci; apricot 
pigment 


Gram-positive cocci; shining 
orange pigment 


Gram-positive cocci; orange 
pigment 


Gram-positive rods with 
central spores 


39 


3° 


Gram-positive rods with central 
spores; produce yellow 
pigment 


Gram-positive, large (more than 
1-2 » dia.) with spores 


Gram-positive rods with | 
spores; produce red pigment 


Gram-positive rods with spores ; 
medium size (B. subtilis sp.) 


Fish muscle 


Shark muscle 


Sea-water 


Spoiled fish 


Sea-water 
and mud 


Marine mud 


9 


Marine mud 


Spoiled fish 
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TABLE I—Contd. 





Parts per million 
oe of aureomycin 
Brief description of the organism Source hydrochloride 





> = 





Gram-positive rods with central Fish muscle 
spores (at 0° C.) 


Nocardia sp.; produces dark Sea-water 
diffusible pigment 


Nocardia sp. produces yellow 
pigment 


Black pigment producing yeast- 
like cells 


Gram-negative, asporogenous, 
motile rods with polar 
flagellation; violet 
pigment produced 





Note.— x, No growth was observed up to 8 daysincubation. —, No lag was observed. 


from fish muscle at 0° C., No. 44, was inhibited completely by 2 p.p.m. while 
the isolate from fish muscle at room temperature, No. 41, was unaffected by 
5p.p.m. The black pigment producing yeast was insensitive to aureomycin 
while the Nocardia sp. was slightly inhibited. One sp. of Gram-negative rod 
was insensitive to all the levels of aureomycin (2 to 50 p.p.m.) employed. 


Sensitivity to low concentrations of aureomycin is thus common to a 
variety of morphological and physiologica] types of bacteria from marine 
sources. At 5p.p.m. level significant lag before growth occurred was 
observed in 75% of the achromic Gram-negative rods, 50% of Gram-negative 
chromogenic rods, 50% of the cocci and in over 80% of the spore-forming 
rods. In about 70% of the total number of bacteria examined growth was 
delayed from 4 to 3 days at room temperature when 5 p.p.m. of aureomycin 
was used. The lag period may conceivably extend significantly at 0° C. 
The use of ice containing aureomycin in fairly low concentrations for enhanc- 
ing the normal preservation period of fish in ice is therefore justified on theo- 
retical considerations, 
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Plate counts of fish slime on aureomycin-containing agar (Table II) 
showed a reduction to $rd at 2 p.p.m. and to 1/25th at 5p.p.m. In the case 
of the sea-water sample off the pier the count was reduced to 1/10th at 
2 p.p.m. to 1/20th at 5p.p.m. and 1/80th at 20 p.p.m. (Table III). In the 
case of the two sea-water samples from 2 miles off the shore the count was 
reduced to 4 and 3th at 2 p.p.m. to 1/20th at 5p.p.m. and to nil at 20 and 
50 p.p.m. levels. 


TABLE II 


Plate count of fish slime on sea-water agar containing 
different levels of aureomycin 





p.p.m. of aureomycin 


2 3 


Control 








Skin scrapings from 1 sq. cm. area of fresh 154 58 6 
fish (Chorinemus sp.) taken up in 100 c.c. 
of sterile saline; this was further diluted to 
100 times and | c.c. of the diluted suspen- 
sion was plated 





TABLE III 


Plate count of sea-water samples on agar containing different 
concentrations of aureomycin 





p.p.m. of aureomycin 


5 20 50 





Sample No. Control 





I Sea-water sample Surface water 910 62 inl nil 
2 miles off- (1 c.c.) 
shore (Palk Water from 760 22 1 os 
Bay) near the (mold colony) 
bottom (1 c.c.) 


Do. Surface water 1000 60 nil nil 
(approx.) 

Water from 39 i nil 8 5 
near the (molds) (molds) 
bottom 

III Sea-water off the Surface water 850 48 10 nil 
jetty (Gulf of 1/10 c.c. 
Mannar) 
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At 50 p.p.m. level no growth occurred in 40% of Gram-negative achro- 
mic rods, 60% of the Gram-negative chromogenic rods and 60% of the 
Bacillus; in all the cocci strains examined growth occurred even at 50 p.p.m. 
(Table I). Since 50 p.p.m. levels appear to be bactericidal for a considerable 
proportion of the asporogenous rods and spore-formers, which are the types 
concerned in causing fish spoilage “initial dips” in solutions of 50 p.p.m. 
of aureomycin for enhancing the keeping period may prove useful. 


The results shown in Tables I, II and III indicate that a concentration 
of 5 p.p.m. of aureomycin is likely to be much more effective than 2 p.p.m. 
Though Tarr et al. have reported levels of 2 p.p.m. and even lower to be effec- 
tive in fish preservation, recent work at Torrey Research Station indicates 
the need for using levels of 5 p.p.m. in preservative ices (Ingram et al., 1956). 


Experiments carried out in this laboratory on the storage of fish in ice 
have also indicated the efficiency of ice containing 5 p.p.m. of aureomycin in 
enhancing the storage life [Velankar and Kamasastri (in press)]. 


In sea-water to which aureomycin was added at 5 p.p.m. level the bac- 
terial count after 24 hours was } of that of the control (Table IV); 20 p.p.m. 


TABLE IV 


Effect of addition of aureomycin at levels of 5 and 20 p.p.m. on the 
multiplication of bacteria in a sample of sea-water 





Plate counts per ml. 








0 hrs. 6 hrs. 24 hrs. 
Control on 630 2,500 2,600,000 
5 p.p.m. ae 610 3,100 730,000 
20 p.p.m. “il 650 2,180 635,000 





concentration of aureomycin did not reduce the bacterial population to any 
greater extent than the 5p.p.m. level. The bacteria present in the aureo- 
mycin-treated sea-water samples consisted of very few spp. unlike the bacteria 
in the untreated sea-water. 
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TABLE V 


Stability of aureomycin in sea-water agar at room 
temperature at 2 p.p.m. level 





Growth 24 hrs. 











Number of days since after inoculating 
preparation of slopes with the test culture 
Control Aureomycin 
0 beaks d vat 
2 TT ahteiom 
} + ete 
1 or eo 
6 ivaiabals 
7 ae Ra 
8 of. of.. af. en 
10 + + ~ 
SUMMARY 


The effect of aureomycin at levels of 2, 5, 20 and 50 parts per million was 
observed in the case of about 50 bacterial spp. isolated from marine sources. 


Seventy per cent. of the bacteria were sensitive to 5 p.p.m. or lesser con- 
centration of the antibiotic. The cocci were more resistant than the Gram- 
negative rods while sensitivity to aureomycin varied greatly in the Bacillus. 
The lag period before visible growth occurred on agar slopes at room tempera- 
ture usually varied from 4 to 4 days. 


Plate counts of fresh fish slime on aureomycin containing agar showed 
a reduction to 4rd at 2 p.p.m. and to 1/25th at 5p.p.m. level. In the case 
of the sea-water the count was reduced to 3th at 2p.p.m. and to 1/20th at 
5 p.p.m. levels. 


The probable implication of these observations on the use of aureo- 
mycin in ices and in “initial dips”’ for preservation of fish is discussed. 
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CONTRIBUTION TO OUR KNOWLEDGE OF THE 
PHYSIOLOGICAL ANATOMY OF SOME 
INDIAN HYDROPHYTES 


VIII. The Stem of Hygrophila polysperma T. Anders. 


By M. V. Mirasut, M.Sc. 
(Department of Botany, Government College of Science, Nagpur) 


Received September 9, 1957 
(Communicated by Dr. T. S. Sabnis, F.A.sc.) 


INTRODUCTION 


Hygrophila polysperma T. Anders. is a slender herbaceous species. It 
has creeping stems that root at the nodes and send vertical shoots which termi- 
nate into spikes of small pale blue flowers. It usually occurs side by side 
with the very much allied species, H. serpyllum (Nees) T. Anders. The plants 
form dense mats on the margins of ponds and lakes. The species is also 
capable of growing almost submerged, only the upper portions of the vertical 
shoots and the spikes projecting out of water. Such forms show a certain, 
though definite, degree of heterophylly which has not been emphasised by 
earlier workers. The aerial leaves are much smaller in size, thicker and 
somewhat hairy. The bracts of the inflorescence are more pubescent. The 
submerged leaves are longer, glabrous and filmy. Ream (1953) has worked 
out the ontogeny of the hydathodes on the submerged and aerial leaves of 
this species. 


MATERIAL AND METHOD 


The material was collected mostly from the lakes and ponds of Umred 
and Ramtek. Both the submerged and wetland forms have been studied. 
The material was fixed in formalin acetic alcohol. The anatomical studies 
presented here are based mostly on free-hand sections of the stem. The 
diagrams represent camera lucida sketches made by the author. 


DESCRIPTION 


1. Epidermis.—Outer walls thickened; cuticle thin, though recogniz- 
able (Fig. 1). Stomata caryophyllaceous, raised above the level of ordinary 
epidermal cells, restricted to certain areas of the epidermis, below which occur 
the chlorenchymatous patches of the outer cortex (Fig. 3). Cystoliths soli- 
tary, elongated, abundant. Hairs uniseriate, multicellular, with knob-studded 
walls (Fig. 4). Peltate multicellular glands frequent (Figs. 5 and 6). 
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Text-Fics. 1-13. Hygrophila polysperma T. Anders. Fig. 1. Part of the T.S. of the stem of the wet 
form showing the epidermis and the collenchymatous outer cortex. Fig. 2. Part of the T-.S. of the stem 
the submerged form showing the poorly developed colienchyma of the outer cortex. Fig. 3. Part of thel 
of the stem of the wetland form showing the raised stoma and the patch of chlorenchymatous cells of the ou 


cortex situated below it. Fig. 4. Part of the T.S. of the stem of the wetland form showing the epidem 
hair. Fig. 5. Part of the T.S. of the stem showing the multicellular peltate gland in section. Fig. 6. Thegs 
in surface view. Fig. 7. Part of the T.S. of the stem of the wetland form showing the lacunar middle on 
Fig. 8. Part of the T.S. of the submerged form showing the profusely lacunar middle cortex. Fig. 9. 

of the T.S. of the stem showing the endodermis, pericycle containing some sclerenchymatous fibres and the phic 
Fig. 10. Part of the T.S. of the stem of the wetland form showing the well-developed wood. Fig! 
Part of the T.S. of the stem showing the thin-walled parenchymatous pith. Fig. 12. T.S. of the stem oft 
wetland form (semi-diagrammatic). Fig. 13. T.S. of the stem of the submerged form (semi-diagrammatid. 
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2. Cortex.—Outer cortex mostly collenchymatous; collenchyma well 
developed in the wetland form as well as in the aerial portions of the stems 
of the submerged form (Fig. 1); interrupted by chlorenchymatous radial 







i. sectors which are situated below the stomatal openings (Fig. 3). The sub- 
merged stems show a comparatively much poorer development of this tissue 
S 






bd 
Ce 


Middle cortex chlorenchymatous, lacunar; air-spaces schizogenous, 
prominent and radially elongated in the submerged stem, smaller and roundish 
in the stems of wetland forms (Figs. 7 and 8); the cortical region consequently 
much broader in the submerged stem than in the wetland form (cf. Figs. 12 
and 13). 








Endodermis distinct; cells containing starch-grains. 






3. Pericycle—Not easily distinguishable from the phloem below; 
includes some sclerenchymatous fibres at places (Fig. 9). 







4. Vascular system.—The phloem and xylem form continuous zones. 
Xylem vessels arranged in radial rows. There is a comparatively uniform 
development of the vascular system round the pith in the stem of the wetland 
form. In the submerged form the development of the vascular system is 
more pronounced in the four corners of the stem. Secondary growth poor 
or absent in the submerged stem. Wood is well developed in the stem of the 
wetland form (Figs. 9 and 10). 


5. Pith—Thin-walled and parenchymatous (Fig. 11); cells containing 
bundles of raphides and small-sized druses of calcium oxalate. The pith 
narrows down considerably in the submerged stem and occupies a much 
smaller volume in comparison to the cortex. In the wetland form it occupies 
one-sixth of the entire cross-sectional area of the stem, while in the submerged 
form this proportion may be reduced to a mere one-twentieth (cf. Figs. 12 
and 13). 













DISCUSSION 





1. As has been pointed out earlier, Hygrophila R. Br. is a typical hydro- 
phytic genus. The anatomical adaptations met with in the robust erect 
march species of the genus, viz., Hygrophila quadrivalvis Nees, have been 
reported earlier by the author (1957). The present species is a slender her- 
baceous plant. Its capacity to live as a submerged form as well as the phe- 
nomenon of heterophylly exhibited by it indicate a higher degree of mor- 
phological adaptation. 
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2. The foregoing account of the physiological anatomy of the stem of 
Hygrophila polysperma T. Anders. further brings out the hydrophytic nature 
of the species and serves to indicate the degree of its adaptation to water. 
The cuticle is thin, the stomata are raised, the primary cortex is lacunar and 
the aerial and submerged parts of the stem show differences which are quite 
characteristic of amphibious plants. The poorer development of collenchyma 
and wood, the relegation of the mechanical and conducting elements of wood 
towards the centre, the very elaborate development of lacune in the aerating 
tissue and, finally, the consequent broadening of the cortex and narrowing 
of the pith in the submerged stem are all in accordance with our earlier obser- 
vations on the anatomy of the stems of helophytes belonging to families of 
diverse origin like the Composite, Scrophulariacee and Lobeliacez. This 
provides us with a clear instance of parallel evolution of similar characters 
in response to similar conditions of environment and also indicates the nature 
of anatomical adaptation of plants to water at different phyletic levels. 


3. The family Acanthacee, to which the present species belongs, as 
well as the other three families, mentioned in the above paragraph, belong to 
the group of sympetalous dicotyledons and represent the culminations of 
certain evolutionary progressions. The occurrence of typical hydrophytic 
genera, like Hygrophila R. Br. and Lindernia All., in this group of advanced 
angiosperms is certainly significant in view of the ecological evolution of the 
angiosperms. Members of the Sympctale, which have attained a high degree 
of specialisation to terrestrial life, have an inherent handicap in adapting them- 
selves to an aquatic environment. The capacity of Hygrophila polysperma 
T. Anders. to grow as a submerged aquatic, the phenomenon of heterophylly 
exhibited by it, and the anatomical responses to the watery environment, 
enumerated above, indicate the success achieved by such essentially terrestrial 
plants in their attempt to embark upon an aquatic career. And, this success 
is quite significant. For, as Arber (1920) points out, “it is always possible 
that those individual genera and species among the Sympetale, which are 


hydrophytic at the present day, may each, in some future age, be represented 
by an entire aquatic family”. 
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EFFECT OF GROWING COTTON CONTINUOUSLY 
AND IN ROTATION WITH DIFFERENT CROPS 
ON THE FERTILITY OF BLACK COTTON SOIL 


By T. L. DesHPANDE, D. K. BALLAL, AND R. J. KALAMKAR, F.A.Sc. 


Received September 18, 1957 





IN a previous communication (Deshpande, Ballal and Kalamkar, 1955) the 
effects of growing cotton in rotation with different crops on the structure of 
Black Cotton Soil have been reported.* The observations indicated that 
the structural condition of the soil, though satisfactory, did not show sig- 
nificant differences under different rotations studied, in spite of the fact that 
they were in progress for over a period of 21 years. However, the yield data 
showed increased yields of cotton and juar in the Cotton-Juar-Groundnut 
rotation over the Cotton Continuous and Cotton-Juar Rotations. In view 
of these findings it was considered desirable to investigate into the compara- 
tive fertility of the soil under different rotations as revealed by the determi- 
nations of various total and available nutrients. The results obtained in this 
investigation are recorded in the present communication. 


EXPERIMENTAL 


In the previous study the soil samples used for structural analysis were 
collected from the plots under the following rotations: 







Rotation A: Cotton grown year after year. 


Rotation B: Cotton followed by juar in alternate years. 





Rotation C: Three course rotation: First year cotton followed by 
juar in second year followed by groundnut in third year. 


The same samples were used in the present work also. A composite surface 
soil sample for each plot was taken by mixing equal quantities of soil from 
ten different spots taken at random. Each block contained six plots under 
the above three rotations. Thus thirty samples were collected for three 
rotations for all the five blocks. The composite samples were air-dried, 
sieved and thoroughly mixed before being stored in closed glass jars. 












* This rotation experiment was conducted on the Government Experimental Farm, Akola, 
since 1931-32 in its revised form by the Economic Botanist for Cotton, Nagpur. 
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ANALYTICAL METHODS 

Total nitrogen was determined by Kjeldahl method as modified by 
Bal (1925). Organic carbon was determined by Walkley and _ Black’s 
Rapid Titration Method (1934). Nitrification Rates were determined by 
incubating 100 gm. samples of soil in glass jars at field moisture wetness 
at a temperature of 25° C. for a period of three weeks. Nitrates were deter- 
mined at the end of the incubation period by the phenoldi-sulphonic acid 
method (A.O.A.C., 1930). Available phosphorus was determined by Truog 
method (1930). 

Exchangeable calcium was dctermined by Hissink’s method (1923). 
Exchangeable potassium was determined by leaching the soi] with neutral 
ammonium acetate and then determining the potassium in it by volumetric 
cobaltinitrite method. A glass electrode was employed for soil reaction 
determination on suspensions of soil in carbon dioxide-free distilled water 
in a ratio of 1:2-5. 

RESULTS 


Total Nitrogen and Nitrification Rates—The data on the total nitrogen 
content and also the Nitrification Rates of the samples used are presented 
in Tables I and II. 


TABLE I 


Total nitrogen 
(Percent. on oven-dry basis) 





Cotton 
conti- Cotton followed Three-course rotation 
Treatment nuous by juar Cotton-Juar-Groundnut 
A B 





Crop in the Cotton Cotton Juar Cotton Juar Ground- 
plot nut 





Block No. 
I 


0:0390 0-0457 0-0463 0-0410 
II 00-0360 0:0390 0-0410 0-0403 
Ill 0-0360 0-0390 0-0369 0-0423 
IV 0-0369 0-0373 0-0382 ° 0-0453 
Vv 0:0376 0-:0373 0-0403 0-0400 


Mean for 0-0375 0-0402 
Rotation 
Statistical Analysis: 
C.D. at 5 per cent. level for = 





Result CBA 
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TABLE II 


Nitrification rates 
(Milligrams per 100 gm. oven-dry soil) 














Cotton 
conti- Cotton followed Three course rotation 
Treatment nuous by Juar Cotton-Juar-Groundnut 
A B 
Crop in the Cotton Cotton Juar Cotton Juar Ground- 
plot nut 
Block No. 
I 2-0 2°3 2-0 3-1 3°5 4-2 
il 2-0 2-3 2:1 4:2 4-3 4:0 
Il 1-9 2°5 3-2 3-0 2-3 2:3 
IV 2:0 1-6 1-8 3°7 3°7 2°8 
V 2-1 1-8 2:5 2:9 3-0 3-0 
Mean for 2-0 2:2 3-2 
Rotation 
Statistical Analysis: 
C.D. at 5 per cent. level for ee 0-3 
 ekioabiocd 0-5 
er s«6mord 0-4 


Result CBA 


The data (Table I) show clearly that there is a significant difference 
between the total nitrogen contents of the soil under different rotations, 
rotation C having raised the nitrogen content of the soil significantly higher 
than rotation A and rotation B being better than rotation A. When 
Continuous Cotton was grown the nitrogen content of the surface foot of 
soil was 7 and 11% lower than the nitrogen content of the two course and 
three course rotations respectively. 


As regards nitrification rates, it will be seen from Table II that the rate 
of nitrification in rotation C plots is significantly higher than those under 
other rotations. Rotation B also shows a slight increase over rotation A 
but the rate is not significantly higher. It is interesting to note that where- 
as rotation C shows as high as 60% greater nitrification rate over rotation 
A, rotation B shows 10% increase only. 
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TABLE III. 


(Percent. on oven-dry soil) 


Organic carbon 























Cotton 
conti- Cotton followed Three-course rotation 
y Treatment nuous by Juar Cotton-Juar-Groundnut 
B 
Crop in the Cotton Cotton Juar Cotton Juar Ground- 
plot fut 
- Block No. 
I 0-498 0-510 0-517 0-475 0-505 0-483 
II 0-486 0-522 0-488 0-507 0-550 0-522 
‘ UT 0-488 0-476 0-452 0-552 0-534 0-529 
[V 0-476 0-529 0-502 0-509 0-531 0-531 
V 0-452 0-448 0-462 0-472 0-474 0-488 
Mean for 0-480 0-491 0-511 
Rotation 
Statistical Analysis: 
C.D. at 5 percent. level | eee 0-026 
ae 0-024 
WO asunins 0-022 
Result CBA 
TABLE IV. Carbon-Nitrogen Ratio 
Cotton i 
conti- Cotton followed Three-course rotation 
Treatment nuous by Juar Cotton-Juar-Groundnut 
A B 
Crop in the Cotton Cotton Juar Cotton Juar Ground- 
plot nut 
Block No. 
I 12-8 11-1 11-1 12-9 11-2 11-8 
II 13-6 13-4 11-9 12-0 13-4 12-9 
Ul 13-7 12-2 12-2 12-8 12-6 12-5 
IV 12-0 14-2 13-1 12-9 11-9 11-7 
V 12-0 11-7 11-5 11-7 11-9 12-2 
Mean for 12:8 12-2 12-3 
Rotation 
Statistical Analysis: 
C.D. at 5 percent. level for ee 1-1 
EE 0°8 
Be esos 0-9 





Result 


ACB 
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The data presented in Table III show that the plots under rotation C 
show a significantly higher carbon content than the plots under rotation 
A. Though not significant, the carbon content in the plots under rotation 
B is slightly higher as compared to plots under rotation A. However, in 
spite of the incease in the organic mratter in rotations C and B, the carbon- 
nitrogen ratios (Table IV) of the soils are nearly the same as in the plots 
under rotation A (Holtz and Vandecavaye, 1938; Acharya and others, 
1953). 


TABLE V 
Available phosphorus 
(Milligrams per 100 gm. oven-dry soil) 














Cotton 
conti- Cotton followed Three-course rotation 
Treatment nuous by Juar Cotton-Juar-Groundnut 
A 
Crop in the Cotton Cotton Juar Cotton Juar Ground- 
plot nut 
Block No. 
I 3°7 3°5 3+3 5-6 6-0 49 
II 4-7 5:3 4-5 5°5 5:7 5°3 
iil 5:5 2:7 3-6 5°4 5°5 6+2 
IV 4-2 3°8 4-5 4-4 4-2 4-3 
V 4-0 3+3 3°3 4-1 3-4 5:1 
Mean for 4-4 3°8 5-0 
Rotation 
Statistical Analysis: 
C.D. at 5 per cent. Jevel for Pare. 0-7 
nr sie 0-7 
Me ancnsee 0:8 


Result € AB 





It will be seen from the above table that the quantity of available phos- 
phorus is not the same in al] the rotations. The available phosphorus con- 
tent is significantly higher in rotation C than in rotation B and is better 












— 
aan 


we tree Oe Uk lt ot OS oa 





nc 
tion 
tion 
» in 
On- 
lots 
ers 


, 








Growing Cotton Centinuously & in Rotation with Different Crops 107 


than in rotation A. As regards rotations A and B, though the difference 
between their mean values is not statistically significant, the quantity of 
available phosphorus in rotation B is appreciably lower than that in A. 
The available phosphorus content in rotation B is approximately 13% and 
31% lower than in rotations A and C respectively. It seems, therefore, that 
the three course rotation which includes a legume, tends to increase the 
availability of phosphorus while the two-course rotation which includes 
juar crop reduces the amount of available phosphorus in the soil. The 
results by Lad and Patel (1955) are, however, at variance with these results. 


TABLE VI 


Exchangeable calcium 


(Milliequivalents per 100 gm. oven-dry soil) 














Cotton 
conti- Cotton followed Three-course rotation 
Treatment nuous by Juar Cotton-Juar-Groundnut 
A 
Crop in the Cotton Cotton Juar Cotton Jaur Ground- 
plot nut 
Block No. 
Il 57:3 58-8 59-9 54:0 55-9 58-7 
Ill 58-9 55°8 54-9 57-1 59-5 60°5 
IV 51-3 57-3 55-7 53-9 57-2 54-5 
Vv 52:3 50-3 49-5 49-8 53-4 48-3 
Mean for 55-0 55-3 55-3 
Rotation 
Statistical Analysis: 
C.D. at 5 per cent. level for er 5-0 
ee 3-6 
ee 4-6 
Result BCA 





The data presented in Tables VI and VII indicate that there are no 
significant differences in exchangeable calcium and exchangeable potassium. 
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TABLE VII 
































Exchangeable potassium fe 
(Milliequivalents per 100 gm. oven-dry soil) di 
Cotton 
conti- Cotton followed Three-course rotation 
Treatment nuous by Juar Cotton-Juar-Groundnut 
A B 
Crop in the Cotton Cotton Juar Cotton Juar Ground- 
plot nut 
Block No. 
I 1-34 1-68 1-61 1-63 1-65 1-67 
il 1-29 1-08 1-03 1-05 1-11 1-03 
Ill 1-29 1-10 1-18 1-30 1-34 1-39 
IV 1-51 1-34 1-36 1-69 1-74 1-67 
V 1-39 1-50 1-54 1-63 1-56 1-68 
Mean for 1-38 1-33 1-47 
Rotation 
Statistical Analysis: 
C.D. at 5 percent. level for ere 0-18 
Oe caked 0-19 
Me svenea 0-16 
Result CAB 
TABLE VIII 
PH values 
Cotton 
conti- Cotton followed Three-course rotation 
Treatment nuous by Juar Cotton-Juar-Groundnut 
A B 
Crop in the Cotton Cotton Juar Cotton Juar Ground- 
plot nut 
Block No. 
I 7°9 8-0 7-9 7-9 8-1 8-0 
Il 8-1 7-9 8-0 8-1 8-0 8-1 
Ill 7:9 8-1 8-1 8-1 8-1 8-1 
IV 8-0 7:9 8-0 8-0 8-0 7-9 
V 7-9 8-1 8-0 8-1 7-9 7-9 
Mean for 7:9 8-0 8-0 





Rotation 
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The data presented in Tables VIII indicate that the pH values in dif- 
ferent rotations are almost the same and obviously, therefore, they do not 
differ significantly. 

TABLE IX 


Average yields of cotton, juar and groundnut for 21 years* 
(Pounds per acre) 











Cotton 
conti- Cotton followed Three-course rotation 
Treatment nuous by Juar Cotton-Juar-Groundnut 
A B C 
Crop in the Cotton Cotton Juar Cotton Juar Ground- 
plot nut 
306 286 1091 508 1179 1215 
Statistical Analysis: t values 
Crop Comparison for ‘tt’ values as Remarks 
rotations calculated 
40 d. f. 
Cotton be A and B 0-51 Not significant 
B and C >3 Significant at 1% 
CandA >3 Significant at 1% 
Juar si B and C <1 Not significant 





* The yields of the crops in different years are given in Appendix A. 


It will be seen from Table IX that the inclusion of groundnut in 
rotation C has significantly raised the mean yield of cotton over those in 
rotations A and B. It has also increased the mean yield of juar, though 
this increase is not statistically significant. Significant difference is also 
not noticed in the mean yield of cotton in rotations A and B. 


DISCUSSION 


The scrutiny of the data presented in this paper points out that ferti- 
lity has been built up in the Cotton-Juar-Groundnut (Rotation C) rotation 
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plots as shown by their higher nutrient status. The fertility of the plots 
under Cotton Continuous (Rotation A) and Cotton-Juar (Rotation B) 
rotations seems to be almost at the same level. This explains the higher 
yields of cotton and juar obtained in rotation C over the yields of cotton 
and juar in the other two rotations. The average yield of cotton during the 
period of 21 years in the plots under rotation C is 508 lb. per acre while it 
is 306 lb. in the plots under rotation A and 286 lb. per acre in case of rota- 
tion B. The average yield of juar in the plots under rotation C is 1,179 lb. 
per acre while it is 1,091 lb. per acre in rotation B (Table 1X). It will thus 
be observed that the inclusion of the groundnut crop in the rotation has 
steadily maintained the soil at a reasonably higher fertility level and as a 
result higher yields of cotton and juar have been obtained. 


It will be interesting to examine further what particular nutrient or 
nutrients have contributed towards the attainment of these higher yields. 
As regards total nitrogen the quantity, if calculated as pounds per acre in 
the top six inches of the soil (assuming it to be two million pounds), comes 
to 750, 804 and 832 lb. in the plots under rotations A, B and C respectively. 
In other words, there seems to be an increase of 54 pounds of nitrogen in 
plots under rotation B over those in rotation A and an increase of 28 pounds 
in rotation C over rotation B. The differences of 54 and 28 pounds of 
nitrogen, however, have not been found statistically significant and as such 
the plots under rotation A and B and those under B and C seem to be more 
or less on the same footing in respect of total nitrogen content. These 
results are in agreement with the results obtained by Bal (1942). 


As regards Cotton Continuous and Cotton-Juar-Groundnut rotation 
plots there is an accumulation of 82 1b. of nitrogen more in the latter plots 
than in the former and this difference is statistically significant. It thus 
appears that the inclusion of groundnut, a leguminous crop, in the rotation 
has helped in increaing substantially the total nitrogen content of the soil 
over the Cotton Continuous rotation. However, the increase of 82 lb. 
cannot be attributed only to groundnut crop because this rotation also in- 
cludes juar crop and if it is taken into consideration that there is already 
an increase of 541b. in Cotton-Juar rotation over continuous cotton which 
presumably can be considered as due to juar, the increase due to groundnut 
crop comes to 28 lb. only during a period of 21 years. In other words the 
contribution of groundnut in the rotation seems to be surprisingly less than 
the one of juar crop. Views expressed by different workers in this respect 
are rather conflicting. Virtanen (1938), Thornton and Nicol (1934) and 
Acharya, Jain and Jha (1953) have reported excretion of nitrogen from the 
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roots of legume crops and consequent increase in soil nitrogen. Several 
others including Swanson (1917), Swanson and Latshaw (1919), Wright (1920), 
Mooers (1926), Mirchandani (1938), Greaves and Jones (1950) and Desai 
and Sen (1952), in their studies on alfalfa, clover, vetch, soyabeans, peas, etc., 
however, did not find any increase in the content of this element in the soil. 
The present observations do not seem to support the former view. 


Though the groundnut crop in rotation does not seem to increase 
substantially the total nitrogen content, it has remarkably improved its 
nitrifying capacity. While the nitrification rates in case of Cotton Conti- 
nuous and Cotton-Juar rotations are almost similar, it is 50% higher in 
Cotton-Juar-Groundnut rotation than in the other two. Taking into con- 
sideration the improtant role of this element in crop production in Black 
Cotton Soil, it is more likely that the higher yields of cotton and juar obtain- 
ed in the three-course rotation are a result more of constant higher avail- 
ability of nitrogen during the growth of the crop than the higher total amount 
present in the soil. Joshi and Joshi (1953) have also found that the pro- 
ductivity of the soil as measured by the yields of crop in the field is directly 
correlated with the microbial activity of the soil as determined by the labo- 
ratory methods in so far as bacterial numbers and nitrifying capacity are 
concerned. 


However, availability of nitrogen cannot be considered as the only 
factor responsible for the higher yields, important though it is. Side by 
side, with enhancing the rate of nitrification the groundnut crop also seems 
to have facilitated the availability of phosphorus. Nevertheless, it is not 
on par with that of nitrogen in this rotation. 


Since the soil reaction of all the plots under the rotations is almost 
similar and there is very little variation in exchangeable calcium and ex- 
changeable potassium, it can be presumed that the higher nitrification rate 
together with better availability of phosphorus are responsible for higher 
yields of cotton and juar in the three-course rotation. 


It will be seen from Table IX that the yield of cotton in the Cotton- 
Juar rotation is less than that of cotton under Cotton Continuous. Though 
the difference is not statistically significant, the position seems rather in- 
consistent especially when it is considered that the nutrient status of 
the plots under both the rotations is almost similar. So far as nitrification 
rate and total nitrogen are concerned the position appears a little better in 
the Cotton-Juar rotation. Regarding the low yield of cotton some workers 
(Hawkins, 1925 and Sewell, 1923) have expressed the view that juar leaves some 
toxins in the soil due to the harmful effects of which the yield of succeeding 
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crop of cotton is adversely affected. However, if this is true, the same type 
of result should have also been obtained in the case of cotton crop in the 
Cotton-Juar-Groundnut rotation. But as stated earlier quite contrary is 
the case. It is possible that the deleterious effects of juar crop either might 
have been suppressed or rendered ineffective by the succeeding groundnut 
crop and the cotton crop coming after it had all the advantages of a legu- 
minous crop minus the disadvantages of juar. Apart from this considera- 
tion the other reason which also appears to be likely from the data presented, 
is that the cotton crop has very little available phosphorus at its disposal 
in the Cotton-Juar rotation. It will be seen from Table V that in all the 
three rotations the available phosphorus is least in this particular rotation 
and hence appears to be a probable cause of reduction in the yield of cotton. 











































SUMMARY 


The yield data of the Rotation Experiment at Government Experi- 
mental Farm, Akola, for 21 years revealed that highest yields of cotton and 
juar were obtained in the Cotton-Juar-Groundnut rotation over Cotton- 
Juar and Cotton Continuous. The present work is an attempt in correlat- 
ing tne higher yields with the fertility of the plots. 


The following determinations were carried out: Total nitrogen, nitri- 
fication rate, organic carbon, available phosphorus, exchangeable calcium, 
exchangeable potassium and soil reaction. 





























No significant differences were observed in respect of exchangeable 
calcium and exchangeable potassium and there has been practically no change 
in soil reaction as a result of different rotations. 


The different rotations did not alter the carbon-nitrogen ratio of the 
soil. 

There has been no significant difference in total nitrogen between 
(i) Cotton Continuous and Cotton-Juar rotations and (ii) Cotton-Juar and 
Cotton-Juar-Groundnut rotations. However, Cotton-Juar-Groundnut rota- 
tion shows significantly higher total nitrogen over Cotton Continous. 





























The contribution of groundnut appears less than that of juar in increas- 
ing the total nitrogen of the soil. The nitrification rate on the other hand 
has been substantially increased in the plots in which groundnut was grown 
in rotation. It has also increased the availability of phosphorus, and the 
higher yields of cotton and juar in the Cotton-Juar-Groundnut rotation are 
attributed to these beneficial effects. 


The fertility of the plots under Cotton Continuous and Cotton-Juar 
rotations was found more or less similar, available phosphorus, however, 
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being less in the latter. It is suggested that the low availability of phos- 
phorus may be responsible for lower yield of cotton in Cotton-Juar rotation 
as compared to Cotton Continuous. 
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APPENDIX A 


Average yields in pounds per acre of Cotton, Juar and Groundnut 
for each year under different rotations 


(From 1931-32 to 1951-52) 





Roiation Cotton Cotton followed Three-course rotation 
Continuous by Juar Cotton-Juar-Groundnut 





Crop Cotton Cotton Juar Cotton Juar Groundnut 





Year 


1931-32 
1932-33 
1933-34 
1934-35 
1935-36 
1936-37 
1937-38 
1938-39 
1939-40 
1940-41 
1941-42 
1942-43 
1943-44 
1944-45 
1945-46 
1946-47 
1947-48 
1948-49 
1949-50 
1950-51 
1951-52 
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THE PHYSIOLOGY OF HOST-PARASITE 
RELATIONSHIP IN THE FUSARIUM WILT OF 
COTTON 


Part III. Distribution and Derangement of Free Amino Acids* 


By K. LAKSHMINARAYANAN** 
(University Botany Laboratory, Madras-5) 
Received October 29, 1957 


(Communicated by Professor T. S. Sadasivan, F.A.sc.) 


INTRODUCTION 


In an earlier communication in this series (Lakshminarayanan, 1956 a) the 
author reported striking differences in the pattern of pectin distribution in 
the different organs of susceptible and resistant varieties of cotton and a 
marked depletion in the susceptible root pectin reserves which was attributed 
to the adaptive formation of pectin methyl esterase during pathogenesis 
(Lakshminarayanan, 1957 a, b). Earlier workers in this laboratory have 
reported a derangement in the carbohydrate (Kalyanasundaram, 1952) and 
protein-non-protein balance (Satyanarayana, 1955) of wilt-infected suscepti- 
ble cotton plants while resistant varieties grown in inoculated soil were prac- 
tically unaffected. In the present communication is reported the qualitative 
chromatographic distribution of a-amino constituents positive to ninhydrine 
in the different organs of susceptible and resistant varieties of cotton in the 
healthy and diseased state. 


METHODS AND MATERIALS 


The susceptible variety of cotton Karunganni-2 (K 2) (Gossypium 
arboreum) and the resistant varieties Cambodia (CO 2) and Madras Uganda 
(MUI) (Gossypium hirsutum) employed in earlier studies were grown in 
sterilized normal garden soil under identical conditions in the green-house 
in earthenware pots (6” 6”) containing 500 g. soil. The incculated series 
received a 1(&% inoculum (soil-oat-21 days) of a pathogenic strain of Fusarium 
vasinfectum Atk. The plants were carefully harvested at the two age-levels, 
6 days (before the appearance of visible symptoms of wilt but indicating 


* Part of a Thesis accepted for the Ph.D. Degree cf the University cf Madras. 
** Present Address: Department of Botany, University of Manitoba, Winnipeg, Canada. 
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typical stem fluorescence (Subba Rao, 1954) in the inoculated series and 12 
days (when visual wilt symptoms as vein-clearing and dechlorophyllation 
were manifest). The roots, shoots and leaves were cut off and washed with 
successive changes of sterile distilled water, and blotted between folds of 
filter-paper. The plant tissues (2 g. wet weight in each case) were macerated 
with acid-washed sand in pyrex mortar and extracted with ethanol (10 volumes 
—to give a final concentration of 80%) overnight in the cold at 3-4°C. The 
extracts were filtered and concentrated to small volume, filtered on a micro- 
filter through Ford’s sterimats and made up to | ml. 


Chromatography of the Extracts—2-5 ul. of the extract was spotted in 
the centre of a circular filter-paper (7-4 cm.; Whatman No. 1) and chromato- 
graphed by the technique of paper disc chromatography developed by the 
author (Lakshminarayanan, 1954 a). The two solvents used were N-butanol- 
acetic acid water (4: 1:5) and aqueous phenol. The rate of irrigation was 
controlled at 95 min. in each case for reproducibility of the Ry values of the 
constituents. The developed chromatograms were air-dried, sprayed with 
ninhydrine (0-1% in acetone) and dried at 60° C. for 10 min. in the oven. The 
chromatograms were cut into regular octogons enclosed between two glass 
plates (8x8 cm.) sealed on two sides with paraffin wax and the Ry values 
measured on the microscope stage (as mean of the values in the 8 direc- 
tions + 45°, for three chromatograms) using an ocular micrometer (low 
power). The Ry values were compared with those of the standards run in 
the two solvent mixtures under identical conditions and the constituents 
identified in the usual way. The identifications were confirmed by uni- 
dimensional ascending chromatography. When larger quantities of the 
extracts had to be spotted so as not to miss the minor constituents, the 
required volume was spotted in two or more instalments taking care to main- 
tain the area of spotting constant. In cases of doubt further confirmatory 
evidence was obtained by spotting the standards over the plant extracts; 
the absence of new or overlapping bands indicated the correctness of identi- 
fication. Constituents present in traces were identified by the technique 
of microchromatography (Lakshminarayanan, 19546). The constituents 
whose Ry values did not agree within experimental limits of + 4% with those 
of the standards were designated ‘ unidentified’. These probably consti- 
tute simple peptides or new amino acids or amino acid derivatives. Further 
work might reveal their exact nature and metabolic functions. 


RESULTS 


Healthy Plants.—Table I gives the distribution of free amino acids in 
roots, shoots and leaves at K 2, CO2 and MUI at the two age-levels 6 and 
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Glutamic acid 
Glutamine 
Glycine 


Cystine 
Norleucine 


Asparagine 
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Arginine 


Methionine 


Ornithine 


Phenylalanine 
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12 days. Asparagine was the mzjor amide present in ¢ll the three varieties 
at either ege-levcl. Aspartic ¢cid was p-c:ent only in K 2 at the earlier age- 
level and absent in the others (except for MUI roots at the higher 2ge-level), 
Glutamic ecid was detected in K 2 roots and shoots on the 12th day and 
leaves on the 6th day. Both CO2 and MUI revealed this amino <cid at the 
higher age-level and not the lower. Glutamine was present in 12-day-old 
MUI plants in roots and shoots and in K 2 Jeaves on the 6th day. 


Among the other amino ¢cids cystine is consistently present in all the 
organs of CO2 and MUI at either age-level and completely absent in K 2. 


Amino Acid Changes with Age.—K 2: Aspartic acid, glycine and phenyl- 
alanine which were present in 6-day-old K 2 plants disappeared on the 12th 
day while histidine and methionine, which were absent at the earlier level, 
appeared at the higher age-level. Glutamic acid, which was present only 
in the leaves on the 6th day, was detected in the shoots also on the 12th day. 
Norleucine was present only in the leaves at the earlier age-level. 


CO 2.—Asparagine and cystine were present in all the organs at either 
age-level, the former in considerable amounts. Tyrosine was present only 
in roots and shoots at either age-Ievel. Tryptophane which was present in 
all the organs on the 6th day was present only in the leaves on the 12th day. 


MUI.—Asparagine and cystine were present in all the organs at either 
age-level in this variety also. Alanine present on the 6th day disappeared 
on the 12th day in roots, shoots and leaves. Methionine and isoleucine 


which were present on the 6th day disappeared on the 12th day while tyrosine 
and valine appeared. 


Comparing the three varicties at either age-level it could be seen that 
cystine is the only amino acid consistently present in all the organs of both 
the resistant varieties (CO 2 and MUI) at cither ege-level and absent in the 
susceptible K 2. Methionine and isoleucine present in all the organs of 
MUI on the 6th day were absent in K 2 and CO2. Histidine present only 
in K 2 (shoots and leaves on the 12th day) was absent in CO2 and MUI. 
Arginine, ornithine, lysine, leucine, proline and hydroxyproline were not 
detected in any of the varietics. 


Inoculated Plants—In the incculated series (Table IT) also asparagine 
was the mzjor amide present in all the varieties at cither ege-level. Glutemic 
acid was present in all the three varieties at the higher age-level and only in 
K 2 leaves on the 6th day. In CO 2 glvtemine was present in 12-day leaves. 
This amine was detected in roots of MUI on the 6th day and in both roots 
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and shoots on the 12th day. K 2 leaves revealed this amine in shoots also 
at the higher age-level. 


Aspartic acid disappeared in the shoots and leaves of K 2 on the 6th 
day but appeared on the 12th day. The amino acid appeared again both 
in CO2 and MUI at the lower age-level in the inoculated series while the 
healthy ones did not reveal it at either age-level. 


Cystine distribution again presents an interesting picture. Cystine 
which was completely absent in the healthy K 2 plants appeared in the 
inoculated roots and shoots on the 6th day but disappeared with the progress 
of infection. While this amino acid was consistently present at either age- 
level in all the organs of the resistant varieties (in the healthy state) it was 
present only on the 6th day in the diseased state (and disappeared at the 
higher age-level from either variety). The quantum of cystine presented in 
the infected K 2 on the 6th day was, however, much less than that normally 
present in the healthy resistant varieties. Methionine—the other sulphur 
containing amino acid present in MUI at either age-level (in the healthy 
state)—also disappeared in this variety at the higher age-level in the 
inoculated series. 


DISCUSSION 


The foregoing results would indicate that the susceptible and resist- 
ant varieties present a marked contrast in the distribution of cystine in the 
healthy state. While this amino acid was consistently present in all the 
organs of the resistant varieties at either age-level, it was completely absent 
in the susceptible K 2 suggesting that it might be in some way related to the 
mechanism of wilt resistance in cotton. Extensive in vitro chelation experi- 
ments with all the amino acids indicated that only cystine (and to a much 
lesser extent glutamic acid) could offer effective protection against in vitro 
toxemia to cut shoots of K 2 treated to a Fe’” chelate of dialysed culture 
filtrate of the pathogen F. vasinfectum at an optimal level of 10-* M (Lakshmi- 
narayanan, 1955 a, b). The active toxic principle in the culture filtrate of 
F. vasinfectum resembles lycomarasamine which is known to act as its iron 
chelate (Gaumann, 1951). It was suggested that cystine could act through 
competition for free Fe’’’ present in the host by preferential chelation and 
render it unavailable to the toxin. It looks logical to conclude that cystine 
present in the resistant varieties especially in the root system could be one 
of the factors conferring resistance on the host. Subsequent work of the 
author (Lakshminarayanan, 1956 5) has revealed that cystine is not only 
present in the resistant tissues but also exuded into the soil as root exudate 
and could possibly take part in a process of in situ detoxication at the root 
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system. Furthermore, Subramanian (1956 a) has recently demonstrated in 
this laboratory that soil amendment with zinc (at 50-100 p.p.m.) which 
confers effective protection to susceptible K 2 against the pathogen also 
results in a liberation of cystine in all organs of the host. His work has also 
indicated the efficiency of the chelating agent 8-quinolinol as a chemothera- 
peutant, in sand culture, in the fusariose wilt of cotton (Subramanian, 
1956 d). 


Brown (1934, 1936, 1955) has clearly defined the processes accompanying 
parasitism as those preceding the entry of the pathogen and those follow- 
ing the metabolic derangements resulting from host-parasite interaction and 
generalization of the pathogen. In the case of Fusarium wilt of cotton as 
we have indicated elsewhere (Lakshminarayanan, 1956 a) the host resistance 
to the entry and generalization of the pathogen seems to be associated with 
the “‘ absence in sufficient quantum of the active substance vital for para- 
sitism ’’—viz., pectin in this case, at the site of infection, viz..—the root sys- 
tem: Susceptibility was correlated with the localization of the substrate 
at the root system resulting in an adaptive formation of PME. It could 
be seen from the foregoing results that resistant varieties grown in inocu- 
lated soil also undergo metabolic derangements. It may not therefore be 
presumptuous to suggest the possibility of toxin formation at the root system 
in which case cystine could be related to the mechanism of in situ detoxica- 
tion during pathogenesis. We have shown elsewhere the in vivo detection 
of fusaric acid in wilt-infected cotton plants (Lakshminarayanan and Subra- 
manian, 1955). 


The other interesting feature in the pattern of cystine distribution seems 
to be its appearance at the earlier age-level in infected K 2 roots and shoots 
and subsequent disappearance at the higher age-level with the progress of 
wilt. This phenomenon could be interpreted as a stimulation of the host 
defence mechanism (Gaumann, 1950). The disappearance of cystine at 
the higher age-level in the infected series would suggest that this amino acid 
is broken down in the process of offering resistance (to the pathogen or to 
toxic metabolites resulting from host-parasite interaction). As early as 
1908, Orton suggested that a true form of disease resistance involves a 
specific reaction on the part of the host cell against a true parasite in the 
diseased condition. In the present case the appearance of cystine at the 
early age-level (in infected K 2), before typical wilt symptoms are manifest, 
might be due to a specific stimulation of the host cells to synthesize or liberate 
cystine to enable it to resist toxemia; with the advance of wilt, the toxic 
factors could overpower the defence reserves. The phenomenon is somewhat 
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similar to what we have in animal physiology where the production of 
specific antibodies in response to an antigenic stimulus at sub-toxic levels 
is well known. The presence of locclized immunity in virus-infected plants 
is well known (B.iwden, 1950) to phytopathologists. It may be suggested 
that there could be a systemic immunological response of host plants before 
onset of vascular wilt. In spite of the fact that the plant body is organized 
on a basis essentially different from that of an animel, especially in view of the 
close resemblance between virus and fungal toxins (Stoddard and Zentmeyer, 
1943) the possibility of the stimulation of host defence reactions of a systemic 
nature in diseased plants cannot be ruled out. 
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SUMMARY 


The chromatographic distribution of free amino acids in roots, shoots 
and leaves of susceptible and resistant varieties of cotton (K 2, CO2 and 


MUI) at the two age-levels 6 and 12 days in hea'thy and diseased states is 
reported. The healthy resistant varieties consistently showed the presence 
of cystine which was absent in the susceptible ones. Ic is suggested that this 
amino acid might be related to the mechanism of wilt resistance in cotton. 
The appearance of cystine in diseased susceptible plants at the earlier age- 
level and its disappearance with the progress of wilt is attributed to host 
defence reactions. The possibility of a systemic immunological response 
at early stages of fungal infections is suggested. 
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INTRODUCTION 


THE spore zygotes of Saccharomyces carlsbergensis retain their characteristic 
shape even after producing a few buds. This very desirable trait enabled 
the location of the nucleus in living zygotes from 7-day cultures (Thyaga- 
rajan and Subramaniam, 1957 6). The three major types of zygote formation 
said to occur in yeast are (i) spore fusion; (ii) cell fusion and (iii) ‘ direct 
diploidization ’ (Winge, 1935; Winge and Lausten, 1937; 1940). 


The fusion of a pair of spores could be followed under the microscove. 
But technical difficulties precluded keeping a single zygote under observation 
over a period of days till the nucleus became visible. In such a situation the 
shape of the zygote had to be used as the criterion to locate the zygote in 
aging cultures. 


The diverse methods by which zygotes can originate in yeasts (Guillier- 
mond, 1920; 1940; Badian, 1937; Phaff and Mrak, 1948; Lietz, 1951; 
Widra and DeLamater, 1955) rendered it necessary to investigate carefully 
the phenomena preceding zygote formation in S. carlsbergensis to get an 
idea whether spores germinating directly have the characteristic shape of 
spore zygotes and whether they are likely to be confused with spore zygotes 
in aging cultures scanned during investigations on the living nucleus. 


MATERIAL AND METHODS 


Saccharomyces carlsbergensis sporulates well on acetate agar slants 
(Thyagarajan and Subramaniam, 19575). Since the maximum number of 
spores was found in 10-day old streaks, they were used for studies on spore 
germination. The spores commence fusing six hours after transfer to malt 
wort (S.G. 1-020; pH 4-6-4-8) at room temperature. After several trials 
the following method was adopted for the study of the behaviour of the spores 
in anascus. The asci were transferred to 5 ml. of wort in a test-tube and after 
124 
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Fic. 1. Pictographic summary of Spore Germination and Zygote Formation in 
Saccharomyces carlsbergensis. 
150 min. a drop of the suspension was mounted under a coverslip and sealed 
with paraffin to prevent the evaporation of the medium as well as the move- 
ment of the cells. In such preparations the desideratum kept in view was 
to get a uniform distribution of the asci under the coverslip. 


The behaviour of two, three and four spored asci was followed under 
the oil immersion lens of the microscope over a period of 24 hours and re- 
corded as a series of photographs with a Leica attachment. 


OBSERVATIONS 


(A) Sealed preparations.— Asci with two, three and four spores are shown 
in Photo 1. The gradual swelling of the spores when suspended in wort 
gives the asci a chambered appearance at 150 min. (Photo 2) and then leads 
to a rupture of the ascus wall. The ascus wall could generally be seen jn 
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contact with the spores. The spores start conjugating in coverslip pre- 
parations only after th> lapse of five hours. 


In Micrograph 3. two of the spores have fused by means of beak-like 
projections while the other two, which are still discrete, fuse slightly later 
(Photo 4). Tho bud originates in the first zygote from the region of fusion 
of the two spores (Photo 4). The further changes in the configuration of the 
spore zygotes are illustrated from different asci in Photos 5, 6, 7 and 8. 
The dissolution of the spore wall leading to zygote formation is limited in 
area (Photos 5 and 6) and the two halves of the zygote separate at the unfused 
region and gradually assume the characteristic waisted shape (Photos 7 and 8). 


There is no synchronization in the time of fusion of pairs of spores in 
a four-spored ascus. While in Photo 5 conjugation appears to be simul- 
taneous, two of the spores remain discrete in Photos 7 and 12. The wall of 
the ascus is seen enclosing these spores in Photo 7. A well-developed con- 
jugation tube reminiscent of similar structures in Schizosaccharomyces octo- 
sporus (Royan, 1956) is seen in the bottom zygote in Photo 8. The develop- 
ment of such a tube may be due to disturbance at the time of making the 
coverslip preparation resulting in slight separation of the spores. 


The two zygotes from the same ascus often show differences regarding 
the time when the first bud puts in its appearance. A bud has appeared in 
only one of the zyg»tes in Photo 9. The ascus well lying separated may be 
see1 in the above microgreph. The budding zvg>tes, with the ascus wall 
partly enclosing one of them, are illustrated in Photo 10. 


It is not uncommon for one of a pair of zygotes to abort while the other 
buds actively (Photo 11). The buds, it will be seen, have originated not from 
the waist-like region but from the distal ends of the zygote. The absence of any 
synchronization in the fusion of two pairs of spores is further exemplified by 
Photos 12 and 13. The upper pair has conjug»ted while the lower pair has 
yet to do so (Photo 12). Once formed the zygote commences to bud actively 
(Photo 13). Since even at this stage (Photo 13) the other two spores are 
discrete, it would appear that they may degenerate and disintegrate later. 


Sometimes one pair of spores alone conjugate while the other two spores 
germinate directly (Photo 14). The latest record of such phenomena is by 
Hj rt (1954). In Photo 15 the zygote has produced a number of buds by the 
time the spores commence to germinate directly. 


In rare instances all the four spores in an ascus germinate without con- 
jugation. The swollen spores in Photo 16 elongate after rupture of the ascus 
wall prior to budding (Photo 17). Even when all the spores in an ascus ger- 
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minate directly they show no synchronised development. Two of the spores 
(a and b) in the ascus in Photo 18 have germinated and produced a bud each, 
while the other two are at stages intervening between germination and the 
putting out of the first bud (Photo 18). 


In three-spored asci, two of the spores usually conjugate while the third 
one germinates directly (Photo 19). When there are only two spores in an 
ascus they usually fuse and give rise to a zygote (Photo 20). The ascus wall 
is seen in contact with the zygote in the above illustration. The active bud- 
ding of such a zygote is illustrated in Photo 21. 


(B) Germination and fusion in test-tubes Complementary observations 
on asci suspended in wort in a test-tube show that the spores often elongate 
and then develop copulation tubes and assume occasionally bizarre shapes 
(Photos 22, 23 and 24). The development of long copulation tubes is prob- 
ably a device to ensure fusion when the spores lie separated from one 
another. Zygotes having the shape of a horse-shoe are shown in Photos 
23 and 24. Royan (1956) indicated that sometimes one of the conjugating 
cells in Sch. octosporus appeared more active than the other. Similar differ- 
ences in the activity of the conjugation spores are exemplified by Photos 22 
and 25. 


(C) Budding—The zygotes follow no fixed pattern of budding. In the 
context of the location of the nucleus usuaily in the waist-like region of the 
living zygote (Thyagarejan and Subramaniam, 1957 5) it is natural to expect 
the first bud to originate near its vicinity. Photos 26 and 27 show the two 
stages in the formation of a bud in the waist of the zygote. But the first 
bud does not always take its origin in that position. It may be lateral 
(Photo 28) or terminal (Photo 29) and the same zygote after giving origin to 
a lateral bud may then proliferate a terminal one (Photo 30). 


DISCUSSION 


The types of behaviour exhibited by the germinating spores and the 
subsequent vegetative proliferation of the zygotes are illustrated in the picto- 
graphic summary. The phenomena culminating in zygote formation are 
remarkably similar in Sch. octosporus (see pictographic summary, Royan, 
1956, p. 313) and Saccharomyces carlsbergensis even though the gametes 
are transformed vegetative cells in the former while they are the spores in the 
latter. The formation of conjugation tubes and the differences in the activi:y 
of a pair of fusing gametes are characteristic of both the genera. 


But then it has been suggested that while meiosis succeeds zygote forma- 
tion in Sch. octosporus (Widra and DeLamater, 1955) it is said to precede 
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it in Saccharomyces (Phaff and Mrak, 1948; Winge and Roberts, 1954; 
Hjort, 1956). The above suggestions are only tentative since they are not 
supported by critical cytological data. The similarity of the behaviour of 
the gametes in the two genera necessitates an inquiry whether such changes 
are not themselves initiated by comparable cytological changes. 


Generally the spores of Schizosaccharomyces germinate directly. In 
Saccharomyces on the other hand direct germination is a relatively rare phe- 
nomenon (see pictographic summary). From the similarity of the behaviour 
of the gametes in the two genera, it is probable that either the same nuclear 
phenomena occur in both the genera or are absent in both of them. The 
occurrence of ‘ direct diploidization ’ has been suggested mainly from mor- 
phology (Winge and Lausten, 1940) and critical cytological evidence in 
support has yet to be presented (Hjort, 1956, p. 177). The reports on tetra- 
ploidy in yeasts (Subramaniam, 1945; 1951; Lindegren and Lindegren, 1951; 
Roman ef al., 1951, 1955; Leupold, 1956) necessitate a reorientation of the 
older concepts (Subramaniam, 1950 a, 6; Pazonyi, 1954). 


The limited objective of the present investigation was to elucidate whether 
the spores germinating directly have the characteristic shape of spore zygotes 
and whether they continue to retain that shape even after the production of a 
few buds. The evidence presented (Photos 17 and 18 and pictographic sum- 
mary) show that they become indistinguishable from the vegetative cells when 
they start proliferation. If they had the same shape as spore zygotes it would 
have been difficult to claim that the nuclei in living zygotes reported earlier 
(Thyagarajan and Subramaniam, 1957 db) are those of spore zygotes. 


The structure of the resting nucleus of both the living vegetative cells 
(Thyagarajan and Subramaniam, 1957 a) as well as the spore zygotes (Thyaga- 
rajan and Subramaniam, 1957 b) resemble each other. This offers the hope 
that the nuclear phenomena during spore formation may be capable of eluci- 
dation. 


SUMMARY 


1. A pictographic summary of the variations observed during spore 
germination, differences in the activity of the spores during pair-wise con- 
jugation and the mode of budding by the spore zygotes is presented. 


2. Rarely the spores are capable of direct germination. When all 
the four spores in an ascus are germinating directly their development is not 
synchronous. 
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3. Spores germinating directly become indistinguishable from vegeta- 
tive cells when they start proliferation and hence cannot be confused with 
waisted spore zygotes, retaining their characteristic shape even after produc- 
ing a few buds, during investigations on the structure of the nucleus in living 
zygotes. 
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BIOSYNTHESIS OF SERINE FROM GLYCINE 
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Tue labile methyl groups of choline and methionine could go into formate 
(Sakami, 1949; Siekewitz and Greenberg, 1950). Besides these, a large 
number of other compounds are known to be precursors of formate and 
therefore of the f-carbon of serine (Weinhouse and Friedmann, 1952). 
Although the nature of the 1-C fragment active in glycine-serine conversion 
is still uncertain, formate and formaldehyde are both apparently closely 
related to it. It has been suggested that folic acid may serve as the cofactor 
for 1-C compound transfer reactions; some formyl derivatives of folic acid 
are more active in this respect. Buchanan and Schulman (1953) found that 
Leuconostoc citrovorum factor (CF) was acting in a specific manner in the 
incorporation of formate into position 2 of purines and postulated that CF 
could act in the form of a coenzyme for transmethylations in a manner similar 
to coenzyme A in acetylations. Lascelles, Cross and Woods (1954) showed 
that CF had no coenzyme function but is converted to an active form. Rauen 
and Jaenicke (1951) showed that N?-formyl-tetrahydrofolic acid could take 
part in transformylations more directly in mass action fashion. CF is known 
to be interconvertible with N'°-formyl THFA (Silverman and Gardiner, 
1956). In fact, Greenberg (1954) postulated the existence of an intermediate 
similar to anhydrocitrovorum factor (Cosulich et al., 1952) in which N® 
and N” are linked with a 1-C bridge (Fig. 1). The active form of folic acid 
concerned in glycine-serine interconversion was postulated to be tetrahydro- 
folic acid (Blakley, 1954) which acts as a carrier of the hydroxymethyl group 
(Kisliuk and Sakami, 1955; Alexander and Greenberg, 1955). The enzyme 
system for PGA to CF conversion (Welsch and Nichol, 1950; Nichol, 1953; 
Doctor et al., 1953, 1954; Mitbander and Sreenivasan, 1954) may have a 
function in the involvement of folic acid derivatives in glycine-serine inter- 
conversion. Thus, the B-carbon of serine is known to be incorporated into 
CF (Doctor and Awapara, 1956) and in a reverse manner it is possible for 
the formyl group of CF to be incorporated into serine, through formation 
of hydroxymethyl THFA (Kisliuk and Sakami, 1955; Alexander and 
Greenberg, 1955). 

Studies on glycine-serine conversion and the effects of deficiencies of 


pyridoxine and folic acid were reported (Nadkarni and Sreenivasan, 1957 a, 
Be 13] 
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1957 b). Additional observations on this system with particular reference to 
effects of (i) various formate precursors, (ii) leucovorin, and (iii) niacin 
are now reported. 


Although formate was used as the source of the B-carbon atom in bio- 
synthesised serine it was of interest to study the effectiveness of formate 
precursors such as glycine, sarcosine, methionine, etc. Again, since the 
hydroxymethyl group of CH,OH-THFA apparently acts as a shunt in the 
acceptance of the active 1-C fragment and in its donation to glycine for 
serine synthesis, some experiments were carried out. using leucovorin 
(N*-CHO-THFA) to provide the B-carbon of serine. 


The postulated involvement of DPN in one or both the steps FA->THFA 
(Kisliuk and Sakami, 1955) and CH,OH-THFA to N®-CHO-THFA (Alexander 
and Greenberg, 1955) would imply an effect of nicotinamide in glycine-serine 
conversion which has now been studied. 


EXPERIMENTAL AND RESULTS 





Young adult rats (Wistar) weighing 150-200 gm. reared on a laboratory 
stock diet were sacrificed by decapitation and the liver quickly removed, 
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chilled and homogenised to a 20 per cent. suspension in ice-cold distilled 
water using Potter-Elvehjem all-glass homogeniser. Glycine to serine conver- 
sion was followed up as reported earlier (Nadkarni and Sreenivasan, 1957 a): 
1-0 ml. of the liver homogenate was incubated with 0-5 ml. of 0:2 M glycine, 
0-5 ml. of 0-2 M sodium formate, 0:4 ml. of 0:05 M sodium citrate, 0-1 ml. 
of 0:05 M sodium fumarate and 0-1 M phosphate buffer pH 7-0 in a total 
volume of 4ml. at 37° C.; control substituting water for glycine was run 
alongside. At the end of the incubation period the mixture was 
deproteinised by heating on a boiling water-bath for 10 minutes. An aliquot 
of the supernatant after centrifugation was used for the estimation of serine 
by microbiological assay with Lactobacillus casei (Alexander et al., 1953). 
The difference in serine values with and without added glycine represented 
net synthesis of serine. 


It was observed that serine synthesis from glycine and formate was 
better aerobically than under anaerobic conditions. The experiments of 
this conversion were carried out in Warburg flasks, one set of flasks having 
air as gas phase, while in the other set nitrogen replaced air. The serine 
synthesised at the end of five hours incubation was (y moles/mg. N) 1-068 
and 0-398 respectively. Siekewitz and Greenberg (1949) had shown that 
C™ formate was fixed into serine at a rapid rate in air. 


Effect of formate precursors.—The effects of substituting for formate 
certain compounds known to be formate precursors were tried (Table J). 
These were added in concentrations equimolar to that of sodium formate. 


Large differences between the various additions probably reflect differ- 
ences in rates at which the 1-C fragment is donated by them for the glycine- 
serine conversion. Sarcosine aids serine formation maximally. Mackenzie 
(1950) had shown that the methyl group of sarcosine was derived exclusively 
from the B-carbon of serine and that the carboxyl and the a-carbon of serine 
from their counterparts in the glycine moiety of sarcosine. Such an-oxida- 
tive rearrangement could occur extensively in the presence of air. The high 
values for biosynthesised serine even without addition of glycine when 
sarcosine was used probably represent such a rearrangement. The increase 
in serine synthesis with added glycine may indicate the ability of sarcosine 
to donate its methyl group as formate to glycine in the net synthesis of serine. 
Sarcosine methyl could go into urinary formate (Mackenzie, 1955) 2nd is 
twice as effective in this regard as its molar level of methanol. The methyl 
group of methionine is utilized only to a limited extent (Siekewitz and 
Greenberg, 1950; Alexander and Greenberg, 1955).. Glycine itself appears 
to be least effective in the production of 1-C fragment_for serine synthesis. 
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TABLE I 
Effect of 1-C precursors on glycine to serine conversion 





Without With glycine Net synthesis 
1-C precursor glycine added of serine 
from glycine 





» moles of serine/mg. N 





Sodium formate re 0-63 1-65 
1-Methionine - 0-57 1-14 
Methanol... ~ 0-35 0-88 
Glycine i ei 0-51 1-01 
1-Histidine  .. = 0-59 1-37 
Betaine rv 7 0-63 1-33 
Sarcosine - - 1-08 2-22 1-14 





The system contained 66-6 moles of glycine, 66-64 moles of the 1-C precursor, 0-064 
moles of sodium citrate, 0°002 1 moles of sodium fumarate, 1-O ml. of rat liver homogenate 
(equivalent to 6 mg. N) and 0-1 M phosphate buffer pH 7-0 in total volume of 4-0 ml. and was 
incubated for 5 hours. The reaction was stopped by heating on a boiling water-bath for 10 
minutes. Serine formed was estimated by microbiological assay with L. casei (Alexander et al., 
1953). 

In the other experiments reported below, sodium formate was used as 
the source of the 1-C fragment. 


The optimum pH for conversion of glycine to serine was 7-0 (Table II). 
TABLE II 
Effect of pH on glycine to serine conversion 





pH 
M (0-1 phosphate buffer) » moles of serine/mg. N 





5:0 0-66 
6-0 0-79 
7:0 1-06 
7-4 0-95 
8-0 0-69 
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Phosphate buffer was more effective than the other buffers studied at 
this pH (Table III). 


TABLE III 


Effect of buffers on glycine-serine conversion 





Buffer pH 7-0 (0-1 M) » moles of serine/mg. N 





Phosphate... ai 12 


THAM o oa 0-67 


Bicarbonate .. si 0:45 





Effect of leucovorin.—The effect of folic acid deficiency on glycine to 
serine conversion was reported (Nadkarni and Sreenivasan, 1957 5). In 
several experiments, it was observed that addition of folic acid (PGA) in vitro 
had little effect in restoring activity of the system in preparation from folic 
acid-deficient animals indicating that under conditions of these experiments 
PGA was not converted to the active form. 


If citrovorum factor is a participant in glycine-serine conversion via 
hydroxymethyl-THFA, the transfer of this hydroxymethyl group to the 
B-carbon of serine under conditions when CH,OH-THFA is not reformed, 
would leave the dehydroxymethylated form which is only 2-5 per cent. as 
active as leucovorin (Broquist et a/., 1951) for L. citrovorum. In the absence 
of any neogenesis of 1-C unit, therefore, a stoichiometric relationship may be 
expected to hold between CF disappearance and serine formation. Such a 
relationship has been shown in the case of N’°-formyl-THFA (Rauen and 
Jaenicke, 1951). In the present experiments the glycine-serine system used 
was studied without any added formate with leucovorin added as the 1-C 
donor. The system was studied anaerobically to prevent oxidative degrada- 
tion of leucovorin. At the end of 5 hours incubation at 37° C., the reaction 
was stopped and serine determined microbiologicelly with L. casei (Alexander 
et al., 1953). Unreacted leucovorin in the mixture was determined with 
L. citrovorum (Sauberlich and Baumann, 1948) (Table IV). 


It may be seen that in the absence of glycine, eddition of levcovorin had 
little effect on serine synthesis. However, when glycine is added, endogenous 
serine synthesis without added leucovorin is more, the values increasing 
with added leucovorin. While no stoichiometric relationship is observable 
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TABLE IV 
Effect of addition in vitro of leucovorin 





Without glycine With glycine 





Without With Without With 
leucovorin leucovorin leucovorin leucovorin 





Serine formed 3-04 3-12 5-89 7-56 
(» moles) 


Residual leucovorin 0-210 0-169 
(u moles) 





The system contained: 66-64 moles of glycine; 0-064 moles of sodium citrate, 0-002 » 
moles sodium fumarate; 0-217 4% moles leucovorin, 1-Oml. liver homogenate (equivalent to 


6 mg. N) and 0-1 M phosphate buffer pH 7-0. Total volume 4-0 ml. The flasks were flushed 
with Ng gas and incubated for 5 hours. 


* Endogenous leucovorin was only 0-001 »% moles. 


between net serine synthesis and disappearance of leucovorin, the results 
sufficiently demonstrate the participation of leucovorin in the system. 


Effect of niacin deficiency —Weanilng rats were fed a diet containing 
(percentages): Casein 10, sucrose 45, starch 40, salt mixture 3, sesame oil 2. 
The vitamin supplements were (mg./kg. diet): thiamine HCl 6, ribcflavin 10, 
pyridoxine 6, calcium pantothenate 30, biotin 1-0, folic acid 5, vitamin B,, 
0:5, vitamin K 10, a-tocopherol 10, choline chloride 500, inositol 500 
and vitamin A 15001.U. (in sesame oil). This nicotinic acid-deficient diet 
was similar to that of Krehl er al. (1946). Control rats were given the same 
diet supplemented with 10mg./kg. diet of nicotinic acid. Deficiency 
symptoms appeared in six weeks when the rats from the deficient and contro- 
groups were sacrificed for study of activities of the system in the liver for 


glycine to serine conversion. Details of procedure were as outlined earlier 
(Table V). 


Glycine to serine conversion was reduced by about 40 per cent. as a 
result of niacin deficiency. Jn vitro addition of niacin or of DPN to the 
system had little effect in restoring the activity. 


The in vitro conversion of PGA to CF by liver homogenates of niacin- 
deficient and control normal animals was also studied. The system con- 
tained in a final volume of 5-0 ml., 200ug. PGA, 10mg. serine, 20 mg. 
ascoibic acid, 3-0 ml. of 20 per cent. liver homogenate and phosphate buffer 





Biosynthesis of Serine from Glycine 


TABLE V 
Effect of niacin deficiency on glycine to serine conversion 





Expt.1  Expt.2 Mean 





# moles of serine/mg. N 





Normal (Control) .. - ‘a _« ey 0-83 0-97 
Niacin deficient - oe as .. 0°63 0-55 0-59 
Niacin deficient + DPN in vitro(0-1ymoles) .. 0-60 0-56 0-58 
Niacin deficient + in vitro niacine (200 yg.) .. 0-60 0-55 0-57 





pH 6-4 (0:03 M). The reaction was carried under nitrogen for 2 hours 
at 37°, stopped by steaming and CF formed estimated with L. citrovorum 
(Sauberlich and Baumann, 1948). It was observed that in niacin deficiency 
PGA to CF conversion was reduced by about 50 per cent. CF formed 
(ug./gm. fresh weight of liver) was 1-275 + 0-285 in niacin-deficient rats as 
compared 2-700+ 0-140 in niacin-fed animals (J. M. Noronha, this 
laboratory). 


DISCUSSION 


Formate precursors vary in their effectiveness in contributing to the 
biosynthesis of serine from glycine. These results are in agreement with 
various earlier observations on the relative rates of formation of formate 
or of the labile methyl group from such precursors (Sreenivasan, 1955). 


The stimulation in glycine to serine system by CF is also demonstrated. 
There is, however, no stoichiometric relationship between the serine formed 
and leucovorin used up. The fact that the net synthesis of serine is far more 
than the disappearance of leucovorin rules out the possibility that levcovorin 
exclusively contributes to the B-carbon of serine; alternately other mecha- 
nisms may be operative under the conditions of these experiments for regene- 
ration of CF-active compounds. 


The lowered ability of the rat liver enzymes to effect glycine to serine 
conversion in vitro as a result of niacin deficiency lends support to the view 
that DPN-associated enzymes are involved in the reduction of folic acid to 
its enzymically active forms (Nichol, 1954; Kisliuk and Sakami, 1955; 
Alexander and Greenberg, 1955). 
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SUMMARY 


(1) Various formate precursors studied, aid in the conversion of glycine 
to serine in vitro by rat liver enzymes to different degrees. 


(2) The participation of CF in the system has been demonstrated from 
in vitro studies on glycine conversion to serine anaerobically and in the 
absence of added formate or its precursors. 


(3) In a dietary deficiency of niacin, there is impairment in the activity 
of the glycine to serine synthesizing enzyme. 
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STUDIES ON THE NUTRITION OF RICE 
PLANT (ORYZA SATIVA L.) 


Part I. Influence of Nitrogen Level on Growth and Natrient Uptake by Rice 
Plant (O. sativa var. indica) 


By A. TANAKA,* S. PATNAIK** AND C. T. ABICHANDANIS§ 
(Central Rice Research Institute, Cuttack) 
Received September 16, 1957 
(Communicated by Mr. R. L. M. Ghose, F.A.sc.) 


IT is well recognised that increase in crop yield and protein content of grain 
can be obtained with the application of adequate amounts of nutrients like 
nitrogen, phosphate and potash. The uptake and assimilation of these 
nutrients by plant is largely governed by their concentration or availability 
in the medium in which plant is grown. Takahashi et al. (1955 a) have group- 
ed the essential plant nutrients into two broad groups. First group compris- 
ing of ammonia, nitrate, phosphate and potash, the nutrients that are 
absorbed metabolically and are efficiently taken up even if their concen- 
tration is lowered in the medium. The second group consists of calcium, 
silica and magnesium; these are mechanically absorbed by the plant and 
cannot be taken up by the root unless their concentration in the external 
medium is above a definite level. The first group of these essential nutrients 
plays an important role in the metabolic functions of the plant and study of 
these is considered important to know their essential role and optimum 
requirements for growth. Of these, nitrogen is of prime importance, as it 
forms a constituent part of the protein bodies and plays a fundamental role 
during the growth cycle. The soils on which rice is grown usually contain 
fair amounts of phosphate and potash but not enough nitrogen for ful! 
plant growth. Application of nitrogen is therefore considered an indis- 
pensable practice to push up yield of the crop. 


The knowledge of nitrogen requirements of rice crop, on which most 
recommendations for fertilizer application are based, has been essentially 
derived from experiments conducted on different soils under field conditions 
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but very little information on the nitrogen assimilation of the crop and 
influence of different nitrogen levels on the composition of plant and on 
the uptake of other nutrients is available. Much of the information on 
this aspect comes from Japanese workers. Ishizuka and his school from 
Hokkeido University, Japan, have conducted a series of experiments on 
the influence of nitrogen, phosphate and potash on the growth and com- 
position of the plant and from the data so collected, a method to determine 
adequate amount of fertilizer, to be applied to the crop has been suggested 
(Ishizuka and Tanaka, 1955). All the Japanese work on the subject is in 
respect of japonica varieties of rice which are heavier yiclders than the 
indica varieties and utilise nitrogen comparatively efficiently (Baba, 1954). 
Indica varieties are considered suitable for low nitrogen supply only and 
cannot stand heavy manuring. Field experiments on the nitrogen manur- 
ing of indica varieties have shown that nitrogen requirements for these 
for optimum yield under tropical conditions in India are generally 30-40 
kg./ha. as compared to 80-90 kg./ha. needed for japonica varieties under 
Japanese conditions. It was therefore considered necessary to get funda- 
mental information on influence of increasing nitrogen levels on the growth, 
nutrient uptake and different yicld components of indica rice plant, to know 
the optimum nitrogen requirement for growth. 


Work on the influence of nitrogen levels on yield of crop done in India 
has been summarised by Sethi, Remizh and Abré hem (1952). All this work, 
however, is under field conditions on different soil types. Growth and 
nutrient uptake under soil conditions are difficult to correlete with the 
aveilability of nutrients from fertilizer because of complexity of heterogeneous 
soil components. Difficulties particularly arise when differentistion bet- 
ween the direct nutrient treatment and indirect soil effect of nutritive nature 
is sought to be distinguished. Recourse in the present work has therefore 
been taken to make a study under culture solution technique to evaluate 
the influence of nitrogen on yield components and composition of crop 
under conditions free from extraneous influences met with in soil studies. 


MATERIAL AND METHODS 


Rice plant of a pure line Prb 10 of 110 days maturation period was 
grown in water culture solution at graded levels of 0, 5, 10, 20, 40, 60, 100, 
150 and 200 p.p.m. nitrogen. Seeds were sown in seed pans containing 
one part of soil and four parts of well-washed river sand on 14th June. 
After fourteen days’ growth, when seedlings had reached three leaf stage, 
three seedlings were transplanted per pot containing eleven litres of culture 
Solution and for one week after transplantation, all the seedlings were 
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maintained at 10 p.p.m. nitrogen level. Increasing levels of nitrogen, as men- 
tioned above, were started after that date. Culture solution as suggested 
by Ishizuka (1940), made with tube-well water free from nitrogen, was used, 
with slight modifications. The solution contained 30 p.p.m. each of P,O, 
K,O, CaO and MgO respectively in the form of sodium dihydrogen phos- 
phate, potassium sulphate, calcium chloride and magnesium sulphate. 
Traces of silica, manganese and iron in the form of moist silicic acid, man- 
ganous sulphate and ferric chloride respectively were also added. Nitrogen 
in gradually increasing levels was supplied in the form of ammonium nitrate, 
Initial pH of the culture solution was adjusted to 4-8 by addition of dilute 
sulphuric acid. All treatments were duplicated and culture solution in all 
pots was changed after every seven days till harvest. 


Periodical observations on crop growth were recorded and the crop 
was harvested on 26th September. Chemical analysis of different parts of 
the plant was made for N, P,O;, K,0, CaO, MgO and SiOx. 


GENERAL OBSERVATION ON PLANT 


About ten days after planting, on 9th July, plants in no nitrogen pots 
exhibited nitrogen deficiency symptoms and still eight days later, on 17th 
July, plants in 5p.p.m. nitrogen treatment showed nitrogen deficiency. 
Nitrogen hunger in 10 p.p.m. pots appeared on 10th August, approximately 
forty-two days after transplanting. At higher levels of nitrogen, tillering 
was vigorous and the colour of plants at nitrogen levels higher than 60 
p.p.m. was deep green and leaves were comparatively softer. Most strik- 
ing differences were seen in the development of root. At lower levels of 
nitrogen, 0, 5 and 10 p.p.m., roots were thin, longer in length and less in 
number. At higher concentrations over 60 p.p.m. roots were again poorly 
developed, short, thick, fibrous with less root hair and comparatively less 
surface area. General conditions of plants at flowering is shown in Plate VI. 


EXPERIMENTAL RESULTS 


(a) Influence of nitrogen levels on height, tiller number and leaf emerg- 
ence in the main shoot during the growth period—Height, tiller number and 
leaf emergence on the main shoot were recorded at weekly intervals. 
Results at three significant stages of growth are given in Tables I, II and III. 


Mean height of plant upto ear-initiation stage increases upto 40 p.p.m. 
nitrogen, after which there is a decrease at higher levels. Increase in height 
between ear-initiation and ear emergence is observed with increasing levels 
of nitrogen upto 20 p.p.m. Vigorous internode elongation takes place 
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after ear-initiation stage and nitrogen level is found to have effect in this 
phase of development. At no nitrogen supply, internode elongation is 
very poor. At higher levels, internode elongation increases upto 20 p.p.m. 
after which there is a decrease. 


Mean tillers per pot at flowering stage also increase with nitrogen level 
but the increase between level is highly pronounced upto 40 p.p.m., after 
which there is comparatively less increase in the tillering capacity of the 
plant. 


The leaf emergence in the main shoot is not very much affected by 
nitrogen level except at low nitrogen supply. Three stages are marked, 
0-5 p.p.m. stage, where the main shoot has eleven to twelve leaves, 10-60 
p.p.m. stage, where the main shoot has thirteen leaves and 100-200 p.p.m. 
stage, where the main shoot puts up fourteen leaves before flowering. 


(b) Influence of nitrogen levels on plant characters at harvest.—{i) Table 
IV shows the influence of nitrogen levels on top length, root length, tillers 
and earheads per pot at harvest. 


Top length of plant increases with nitrogen level upto 60 p.p.m., 
after which it shows a decrease. Mean root length decreases with nitrogen 
levels from 5-200 p.p.m. It has already been observed that nitrogen levels 
have a profound effect on root development. Roots were very well 
developed at 20, 40 and 60 p.p.m., at lower nitrogen levels, roots were 
thin and long, at higher nitrogen levels however roots were very thick, 
fibrous and short. Comparative effects of nitrogen levels on root weight 
is shown in Table V. 


Mean tillers per pot and mean earheads per pot increased with nitro- 
gen level, the increase being sharp upto 40 p.p.m. The percentage of ear- 
bearing tillers at levels higher than 40 p.p.m. is low. At lower levels than 
40 p.p.m., percentage of ear-bearing tillers, have little significance because 
of low tillering capacity at these deficiency levels. Between ear-emergerce 
and harvest, increase in tiller number is observed at nitrogen levels 20 p.p.m. 
and above, but only one or two of these late developed tillers put up ear- 
heads. At lower nitrogen levels 5 and 10 p.p.m., there is a decrease in tiller 
number because of death of tillers at low nitrogen supply. 


(ii) Total dry weight at harvest and contribution of each ccmponent 
part, grain, straw and root is given in Table V. 


Total dry weight increases with the increase in nitrogen level upto 
40 p.p.m., thereafter there is a gradual decrease. Weight of straw alone 
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continues to increase with increasing levels upto 100 p.p.m., the increase 
being sharp upto 40 p.p.m. Ear weight increases upto 40 p.p.m. and 
there is a sharp decline after 60 p.p.m. Weight of root at lower levels 
of nitrogen below 40 p.p.m. is less, at higher levels there is not much 
difference in root weight but characteristic differences in the appearance 
of roots were observed at higher levels already described under 5 (i). 
The decrease in ear straw ratio at higher nitrogen levels is marked. At 
optimum nitrogen level of 40 p.p.m., the ratio is about one, it increases at 
lower levels and decreases rapidly at higher levels. Increase in dry weight 
of ear, straw and root at different levels of nitrogen is shown in Fig. 1. From 
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the curves it is seen that the optimum level of nitrogen for grains yield lies 
between 30-40 p.p.m. nitrogen. 
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(c) Influence of nitrogen level on nitrogen content of plant at harvest.— 
Nitrogen content, calculated as percentage on dry weight basis of different 
parts of the plant body is given in Table VI. 


Nitrogen content in all parts of the plant continued to increase with 
increasing levels of nitrogen. Data is graphically represented in Fig. 2. 
The increase is very remarkable, particularly in the leaf and stem portion, 
where it increases rapidly after 40 p.p.m. 
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Fic. 2. Nitrogen Content in Plant at Different Nitrogen Levels. 
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(d) Influence of nitrogen level on the uptake of other nutrients—A 
uniform concentration of other nutrients was maintained in the culture 
solution and influence of increasing levels of nitrogen on the relative uptake 
of nitrogen, phosphate, potash, calcium, magnesium and silica has been 
determined. A composite sample of plant, by mixing ear, straw and root 
in the proportion on their respective dry weights at harvest was made up for 
analysis. Analytical data are summarised in Table VII and graphically 
represented in Fig. 3. 
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Fic. 3. Nutrients Content in Plant at Different Nitrogen Levels. 


Increasing nitrogen levels influence the uptake of phosphate, potash 
and magnesium but there is not much effect on calcium uptake. Silica 
content is very high at no nitrogen level. Nitrogen, phosphate and potash 
play an important role in the growth phase of the plant and their uptake and 
assimilation by the plant is considered as a metabolic phenomena. Synero- 
gism exists in the uptake of these nutrients, one promoting the uptake of 
other. Results above show increased uptake of phosphate with increasing 
nitrogen levels, but potash uptake decreases beyond 40 p.p.m. nitrogen. 
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TABLE VII 
Nutrient content of plant 





Levels of 
nitrogen N% P.0;5% K,0% Ca0% Mg0% _ Si0,% 
(p.p.m.) 





0 0-06 1-20 0°54 0-13 16-40 
10 0-81 1-63 0-61 0-16 3-90 
40 1-50 2:00 0-62 0-26 2°35 

100 2°55 ° 1-85 0-56 0-24 2°55 
200 3°37 ° 1-85 0:57 0-23 3-10 





Relationship between magnesium and nitrogen uptake is also observed upto 
40 p.p.m. nitrogen. 


DISCUSSION 


Results produced in this paper are an attempt to study the influence 
of increasing levels of nitrogen on growth of rice plant and to get an idea 
about the optimum nitrogen level necessary for grain yield. In the data 
presented, effect of different developmental character and nutrient uptake 
has been compared. Four definite stages of nitrogen utilisation are observ- 
ed. First is the deficiency stage, upto 10 p.p.m. Nitrogen deficiency 
symptoms have been observed during the growth and development of plant 
and yield is very low upto this stage. Second is the normal stage, between 
20 and 40 p.p.m. nitrogen, where normal crop growth contributing towards 
maximum grain yield has been obtained. The optimum level of nitrogen 
needed for yield lies in this stage and appears nearer to 40 p.p.m. Third 
is the luxury stage, round about 60 p.p.m., where more nitrogen is taken 
up by the plant but there is no corresponding increase in the total dry matter 
and the yield of grain is only slightly depressed. Fourth is the excess stage, 
over 60 p.p.m., where nitrogen content in all parts of the plant body con- 
tinues to increase but there is a decrease in the total dry matter and grain 
yield suffers a sharp decline. 


Ishizuka and Tanaka (1955) working with japonica varieties at Hok- 
kaido have observed an interesting relationship between yield and nitrogen 
content at different nitrogen levels. They recognise three stages of nitrogen 
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consumption, the deficiency stage, the normal stage and the excess stage. 
Fig. 4 shows the relationship between yield and nitrogen content of grain 
and straw obtained in the present experiment. Here also the above three 
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Yield gm./pot 
Fic. 4. Relationship between Yield and Nitrogen Content. 


stages are definitely made out but it is felt that there is evidence of a fourth 
stage, where the yield of grain and total dry matter is not materially altered, 
although nitrogen content in both grain and straw increases. The Jower 
point of inflexion on the curve (Fig. 4) forming a transition from normal to 
luxury stage may be considered optimum nitrogen level for grain yield. 


Efficiency of nitrogen utilisation by plant for production of grain is 
high upto 40 p.p.m. nitrogen. At higher levels, nitrogen absorbed is not 
fully assimilated for production of grain, but results in comparatively 
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higher weight of leaf and straw as is seen from the ear straw ratio (Table 
V). Baba (1954), reporting on nitrogen assimilation by different varieties 
has observed that at high nitrogen levels more soluble and non-protein 
nitrogen accumulates in the plant body with the result that ratio of soluble 
to protein nitrogen is higher and this adversely affects production of grain. 
Takahashi et al. (1955 b) have also reported high ratio of soluble and non- 
protein nitrogen to protein nitrogen at higher levels of nitrogen supply. A 
dynamic equilibrium in the plant body, between synthesis of protein from 
absorbed nitrogen and disintegration of protein to nitrogen has been recog- 
nised in rice plant. When the synthesis is more active than disintegration, 
the absorbed nitrogen is vigorously assimilated into protein bodies, result- 
ing in higher yield of grain (Baba, /.c.). No attempt has been made in the 
present series of experiments to fractionate different forms of nitrogen 
present in the plant body. However, in another experiment, using the 
same variety Prb 10, higher levels of nitrogen were found to increase the 
ratio of soluble nitrogen to protein nitrogen (Table VIII), with consequent 
reduction of grain yield, a result in agreement with Baba (/.c.). 


TABLE VIII 


Ratio of soluble N to protein N in plant body at reproductive stage 












Levels of nitrogen (p.p.m.)_ .. 20 60 150 






Soluble N/protein N x 100 .. 34 43 55 
Ear yield gm. per pot 64 61 49 





The increase in soluble and non-protein nitrogen in the plant body, 
according to Baba (/.c.), causes increase in leaf area and dry matter at the 


early stages of growth. The excessive uptake of nitrogen at early stages 
suppresses further absorption of nitrogen, presumably due to decreased 
absorptive activity of the root, leading to the malnutrition of the whole 
plant at latter stages of growth. As a result, relatively low yield of grain 
can be expected in contrast to high yield of straw. These observations are 
clearly seen from the data presented on root development, plant growth and 
yield. It is seen that at higher levels of nitrogen, root development is 
impaired, roots are thick, fibrous and short with comparatively less surface 
area and yield of grain is low. 


Practical significance of this study is evident when the optimum level 
of nitrogen, found in the present experiment, is compared with the optimum 
recommended in India under field conditions, In a series of trials extended 
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over a number of years, optimum level for rice has been found to be 30-40 
kg./ha. Present series of experiments show that under most favourable and 
controlled conditions, optimum level in the culture solution is between 
30-40 p.p.m. Although results from soil and solution culture experiments 
cannot be strictly compared, a rough estimate may be obtained, when 
nitrogen status of the soil during the actual growth period of the crop is 
compared with nitrogen levels used in the present experiment. In trials 
conducted on nitrogen availability under field conditions at the Central 
Rice Research Institute, Cuttack, during 1954-55 (C.R.R.J. Annual Report, 
1954-55), it has been seen that ammoniacal nitrogen status of the soil, 30- 
40 days after transplanting of the crop, with application of 22 kg./ha. nitro- 
gen, was 22 p.p.m. A conclusion may therefore be drawn that indica 
varieties are not capable of standing high degree of manuring with nitrogen 
and 30-40 kg./ha. should be considered as optimum. 


Recently, plant breeders have been laying stress on breeding at high 
fertility levels to get varieties responsive to high degree of manuring. With 
this end in view, performance of sixty-four varieties grouped in three dura- 
tions, 105-15, 135-45, 155-65 days, were tested both under normal and 
heavy manuring (C.R.R.J. Annual Report, 1953-54). The results showed 
that in all the three trials lower yields were obtained under heavy manuring 
conditions and depression in yield in 105-15 and 155-65 days trials was 
significant. The indica varieties are therefore suited for light manuring 
conditions only and heavy manuring brings in malnutrition with consequent 
reduction in grain yield. In breeding of varieties, therefore, when selection 
in indicas is attempted at high fertility levels, it will be desirable to use 
nitrogen levels not exceeding 20-30 per cent. higher than the optimum. 


SUMMARY 


Rice plants have been grown under water culture to study the growth 
yield and uptake of nutrients with graded doses of 0, 5, 10, 20, 40, 60, 100, 
150 and 200 p.p.m. nitrogen. 


Maximum grain yield was obtained at 40 p.p.m. and at higher levels 
of nitrogen, the growth was considerably retarded due to nitrogen excess 
in the plant, thereby depressing the grain yield. 


Four distinct stages of nitrogen utilisation have been observed: (i) the 
deficiency stage from 0-10 p.p.m. where grain yield and nitrogen ccntent 
in grain both increase with increase in nitrogen supply, (ii) the normal sta ge 
from 20-40 p.p.m. where the grain yield increases with increase in nitro- 
gen level but increase in nitrogen content of grain is not as sharp. The 
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optimum nitrogen level lies in the range of 30-40 p.p.m., (iii) the luxury 
stage from 40-60 p.p.m. when the nitrogen content increases with increas- 
ing supply of nitrogen whereas there is practically no difference in the yield 
of grain or straw, (iv) the excess stage from 60-200 p.p.m. where the growth 
of crop is considerably retarded and yield decreases with increase in nitrogen 
supply, though nitrogen content of both grain and straw continues to rise. 


Results obtained give an idea regarding optimum levels of nitrogen. 
30-40 p.p.m. (corresponding to roughly 30-40 kg./ha. under field condi- 
tions) is considered optimum for indica varieties. Higher nitrogen levels 
are shown to result in malnutrition giving low yield of grain. 


The authors are indebted to Dr. K. Ramiah, Rice Expert of F.A.O., 
Bangkok, for suggestion and improvement in the text of the paper. 
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MORPHOLOGICAL AND PHYSIOLOGICAL 
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1. INTRODUCTION 


THE taxonomic significance of morphological and physiological character- 
istics of fish blood has been pointed out by early workers like Gulliver (1875). 
But there is a great paucity of information on the subject and this is to a large 
extent duc to the extreme difficulty in obtaining suitable blood samples for 
studies. Hendricks (1952) and Glucksman and Gordon (1953) have referred 


to the numerous difficulties experienced in obtaining satisfactory samples of 
blood from fishes for studies. 


Smith, Lewis and Kaplan (1952) have summarised the existing informa- 
tion on the characteristics of fish bloods as follows: 


“Marsh (1902) showed that the erythrocytes vary among the different 
species of trout. Bonnet (1929) found that the erythrocyte count of different 
species of fishes increased when the fishes were held in waters of low oxygen 
contents. Wintrobe (1953), in his study of several marine teleosts, found 
that although the erythrocyte count varied, the hemoglobin within the cell 
remained constant. Malassez (1872) found in teleosts that the fishes which 
had higher counts had smaller cells, whereas the fishes with the smaller counts 
had larger erythrocytes.” 


Field, Elvehjem and Juday (1945) have observed generic differences in 
erythrocyte counts, size of the cells, clotting time and hemoglobin content 
of the blood of fishes. Based on his studies of 17 species, Schlicher (1927) 
has reported that there are marked seasonal fluctuations in the blood charac- 
teristics of teleostean fishes. He found that erythrocyte counts decrease in 
autumn and increase in winter. Male fish have been found to have a larger 
number of erythrocytes than females. The growth of erythrocytes and the 
number of leucocytes in all the species were observed to be dependent on water 
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temperature. Smith, Lewis and Kaplan (op. cit.) concluded from compara- 
tive morphological and physiological study of the blood of 10 species of com- 
mon warm water fishes that there is a pronounced variation, species to species, 
in the erythrocyte count, size of red blood cells, hemoglobin content and 
clotting time of the blood of those fishes. They also found a correlation 
between the size of the blood cells and the erythrocyte count. Species 


having relatively small cells had high counts, whereas species with relatively 
large cells had low counts. 


The present investigation was undertaken to study the blood character- 
istics of the Hilsa of the river Hooghly, for purposes of comparison with 
the blood characteristics of Hilsa from other habitats. This is an extension 
of the study already undertaken by the author on the blood groups of Hilsa 
from River Hooghly (Pillay, 1954). If the blood characteristics of fish 
varied from species to species, it is possible that they might show some varia- 
tion between smaller taxonomic units, such as, sub-species and races. 
Hendricks (1952) attempted to detect similar smaller variations in the 
erythrocytes of two species of Catostomus as a function of altitude, but had 
ultimately to give it up due to the technical difficulties encountered. 


2. MATERIAL AND METHODS 

A survey of the available literature appeared to show that live specimens 
have been employed for all the studies on fish bloods. Hilsa is well known 
as a very delicate fish and keeping it alive is extremely difficult. In connec- 
tion with certain experiments on the artificial infection of Hilsa with cholera 
vibrios, a technique of rearing small Hilsa in cement cisterns has been evolved. 
The possibility of rearing large fish has to be examined further. In any case, 
if the results of the present investigation have to be employed in distinguish- 
ing stocks, it does not appear to be of much utility to base the work on live 
fish in aquaria. For purposes of comparison, samples will have to be exa- 
mined in various fishing centres and keeping them alive for the purpose of 
such studies in all these centres is extremely difficult, if not impossible. 


Relevant literature and discussion with hematologists was nct helpful 
in indicating whether there could be any significant difference between the 
erythrocyte counts and hemoglobin contents of blood samples from the heart 
of cold-blooded animals like fishes, obtained from live specimens and dead 
specimens within a short time after death. 


To ascertain this, a study was made of the erythrocyte count and hemo- 
globin content of the Climbing Perch, Anabas testudineus, which isa very 
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hardy fish and could therefore be handled without difficulty in the live condi- 
tion. 


From an identical lot of Climbing Perch collected from the same locality, 
the erythrocyte counts and hemoglobin contents of five samples each were 
first determined. Then an equal number of samples were killed with a mild 
anesthetic and preserved in ice for a period of two hours. At the end of this 
period, estimations were carried out with the blood of the preserved samples. 
The results obtained are presented in Table I. 


TABLE | 


Erythrocyte counts and hemoglobin contents of Anabas testudineus 





Live fish Dead fish 








| 
Erythrocyte count perc.mm.| Hzmoglobin % Erythrocyte count per c.mm, | Hemoglobin % 
| 





Range | Mean $.D. Range | Mean S.D. | Range Mean S.D. |Range| Mean| S.D. 
} | | 
eae, Rane ers ome ARS 
2860,000 3564,000 |556,938°9 10-12} 11-0 | 1-000 | 3150,000 4268,000 (920,636°0| 10-13 | 11-2 | 1-304 
to ! | H } | 


| to 
400000! =| | __|.5220,000; | 














The significance of the difference between the mean values was tested 
by the ‘7° test. The ‘t” values obtained were 0-255 for erythrocyte count 


and 0-272 for hemoglobin per cent., which showed that the difference is not 
significant. 


Based on the indications of this study, it was assumed that the blood 
samples, if taken directly from the heart from specimens well preserved in 
ice immediately after capture and examined within a period of about two 
hours, would give substantially the same results as for live specimens. Fur- 
ther, if all comparisons are based on uniform material no error in the estimate 
of difference is likely to arise. So, for purposes of this investigation, except 
for the determination of coagulation period, Hilsa specimens preserved in 
generous quantities of ice immediately after capture, were used within a 
maximum of two hours after the death of the specimens. Coagulation period 
was determined in the field itself immediately after the capture of the fish 
and in most cases when the fish were still alive. No significant difference 
between the cell and nuclei size of live and dead fish was expected. 


The specimens were obtained from the fishermen catching Hilsa in the 
Hooghly near Calcutta and Nawabgunge by means of clap-nets. The 
material studied consisted of samples collected at different times. 
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Being a tidal river, the salinity of the water at the time of fishing might 
not have been uniform. So also the oxygen content and temperature might 
have varied. As the coefficients of variation of the present observations 
are not very different from the variations ordinarily expected in such charac- 
teristics (Ponder, quoted by Hendricks, op. cit.), it is assumed that the blood 
volume changes brought about by osmotic regulation in changing salinities 
and the possible changes in cell counts in varying oxygen tensions and water 
temperatures have not materially affected the results. Adult fish belonging to 
different size-groups have been studied without exercising any selection and 
so it is assumed that differences in count caused by this factor, would have 
been negligible. 


For all determinations, blood samples were, as already mentioned, 
obtained from the heart by cardiac puncture. The coagulation period was 
determined by using small glass capillary tubes of 0-5 mm. to 1-0 mm. bore. 
Blood was drawn into the tube by capillary action from a cut made in the 
heart, and from one end the tube was broken off into small bits, till the blood 
came out of the tube in ‘strings’, showing that it has clotted. The time 
that elapsed between the incision of the heart and the time when the blood in 
the capillary tube started coming out in strings, was taken as the coagulation 
period. 


For the determination of erythrocyte counts, a Spencer bright-line count- 
ing chamber with improved Neubauer ruling was used. Hayem’s solution 
was used as the diluting fluid. The count was expressed as number of cells 
in 1c.mm. of undiluted blood. 


The hemoglobin content was estimated by the Sahli method using a 
Hellige comparator. 


For studying the morphology of the red cells, blood smears were made 
on clean, greaseless slides and stained by Leishman’s stain. Measurements 
of erythrocyte size and the size of their nuclei were determined by means of 
an ocular micrometer. The cells were generally circular in shape but a certain 
amount of distortion was inevitable in the process of the preparation of 
smears. To ensure a fairly accurate estimation of mean diameters of the cells 
and their nuclei, diameters of 30 cells and their nuclei were taken at random 
from each smear. The micrometer was kept in a constant position and 
measurements were taken in whichever angle the micrometer scale lay over 
the cell. This eliminated the possibility of any bias in the selection of either 
the short or long diameters of distorted cells, 
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3. OBSERVATIONS AND COMMENTS 


Table Il summarises the results of the study. The morphological charac- 
teristics of the erythrocytes are shown in the photomicrograph. Comparison 
with the data of Schlicher (op. cit.), Smith, Lewis and Kaplan (op. cit.), Katz 
(1951) and Hendricks (op. cit.) shows that the mean erythrocyte count of 
Hilsa is higher than that of the species studied by them. 


TABLE II 
Morphological and physiological characteristics of Hilsa blood 





No. of 


observa- Mean S.D. C.V. 
tions 





R.B.C. count 30 3,473,000 per c.mm. 549,370 18-82% 
E. cells diameter id 900 6-186 micra 0-8633 13-956% 
E. cells nuclei diameter 900 3-976 micra 0-7430 18-687%, 


Hemoglobin content 30 12-66% Hellige 1-959 15-670% 
(0-174 gm. per 
100 c.mm.) 


Coagulation period .. 30 13-3 seconds 2:2136 16-644% 


This appears to be due to the relatively small size of the cells as observed 
by Malassez (op. cit.). The average erythrocyte counts for Cyprinus carpio 
and Salvelinus fontinalis recorded by Field, Elvehjem and Juday (op. 
cit.) and for Scomber scombrus recorded by Wintrobe (1933) are, however, 
much higher than that of Hilsa. But the hemoglobin per cent. of Hilsa blood 
is considerably low. While the lowest hemoglobin per cent. recorded by 
Schlicher (op. cit.) is 36 and by Smith, Lewis and Kaplan (op. cit.) 30-4, in 
Hilsa the mean percentage of hemoglobin is only 12-66. Hendricks (op. cit.) 
has, however, found a lower hemoglobin per cent. in species of Catostomus, 
the lowest being 10-9 in Catostomus suckleyi, and Field, Elvehjem and Juday 
(op. cit.) found the average values to be 10-5 and 8:5 for Cyprinus carpio 
and Salvelinus fontinalis, respectively. The mean coagulation period of 
Hilsa, viz., 13-3 seconds, is also lower than that of most fishes studied by 
these authors, except of Carassius auratus in which the mean coagulation 
period was only 10-8 seconds. In the case of human erythrocyte counts it is 
stated that an average variation of 14% is normally to be expected and a 
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difference higher than this alone should be considered to be of significance 
(Ponder, op. cit.). No such standards seem to have been laid down for fish 
blood. 


It will be seen from Table II that the coefficient of variation for all the 
characters, except the diameter of the cells, are higher than that of the standard 
for human blood, viz., 14%. Morphometric studies of the Hilsa occurring 
in the River Hooghly have not shown the presence of different stocks in the 
river. Under the circumstances the variation has to be considered as nor- 
mally found in a homogeneous population of Hilsa. Comparison with the 
data presented by previous authors show that the variation in erythrocyte 
count and hemoglobin per cent. is less than in all other fishes, where observa- 
tions have been made on sufficient number of specimens. In Table III below, 
the values of coefficients of variation of the observations of Smith, Lewis 
and Kaplan (op. cit.), as calculated from their data, are presented. 


The data presented in Table III clearly show that when a satisfactory num- 
ber of observations have been made, a larger variation in erythrocyte count 
and hemoglobin per cent. than observed in the Hilsa is found. From the 
available data, it is not advisable to lay down any standards for the signifi- 
cance of variations for fishes as a class. It may be necessary to fix suitable 
standards for each species of fish on the basis of a sufficiently large number 
of observations from homogeneous populations. The data for Hilsa given 
in this paper could serve as a basis for comparisons of other populations. It 
would appear from the present study that a variation of about 20% should be 
considered as normal in this species. 


4. SUMMARY 


The erythrocyte counts, hemoglobin content, coagulation period and cell 
and nuclei size of the blood of Hilsa from the river Hooghly have been deter- 
mined. Using the Climbing Perch as test material, it has been shown that 
the characteristics of the blood taken from the heart of live fish are not sig- 
nificantly different from those of dead fish which have been preserved in ice 
immediately after capture. 


The mean erythrocyte count of Hilsa is much higher than that of many 
other species of fish and this appears to be correlated with the relatively small 
size of the cells. The coefficients of variation of the different characters are 
below 20%, which may be considered as the normal variation in the Hilsa 
of the Hooghly for purposes of comparison with blood samples of other 
stocks of Hilsa. 
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INTRODUCTION 


CONSIDERABLE work has been done on the Red alge of India and Ceylon. 
In the last century, Harvey (1854, 1869) and Murray (1887) and in recent 
times Svedelius (1906, 1915, 1939, 1944, 1945, 1946, 1952, 1956), Boergesen 
(1931, 1932, 1933, 1934, 1937a and b, 1938a and b), etc., have 
contributed a great deal to our knowledge of the Red alge of this region. 
But the details of structure and post-fertilisation stages are known only in 
a few. Papenfuss (1937) studied the structure and reproduction in Van- 
voorstia spectabilis. Svedelius has worked out Dermonema frappieri (Mont. 
et Mill.) Boergs. (1939), Dictyurus purpurascens Bory (1946 a, 1946 5) and 
Galaxaura spp. (1944, 1945). Balakrishnan studied Melobesia farinosa 
Lamour. (1946), Grateloupia lithophila Boergs. (1949) and Liagora erecta 
Zeh (1955). Iyengar and Balakrishnan (1949, 1950) worked out Polysiphonia 
platycarpa Boergs. and Krishnamurthy (1953) Compsopogon sp. Boergesen in 
his various accounts also gives certain details of post-fertilisation stages 
in some of the species he has recorded. 


A number of new species of Red alge are known from India and its 
neighbourhood. There is a great need for a detailed study of the post-ferti- 
lisation stages in these forms. 


Among the Indian Nemalionales there are very many interesting forms 
which are worthy of our attention. The interesting family Chetangiacee 
is divided into two subfamilies, Scinaiee and Chetangiee. The Chetangiex 
have been studied in great detail by Svedelius (1939, 1942, 1944, 1945). 
and Martin (1936, 1939). Among the Scinaieew Scinaia furcellata (Turn.) 
Bivona has been very thoroughly studied by Svedelius (1915). Till recently 
the genus Pseudogloiophlea Levring (= Gloiophlea Setchell, non Agardh) 


—_—_—— 
* Now at the University Botany Laboratory, Madras. 
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has not been studied in detail. P. fascicularis (Boergs.) comb. nov. (= Gloio- 
phlea fascicularis Boergesen, 1934, pp. 1-2) occurs very commonly at Okha, 
the type locality as also at Cape Comorin (leg., M. O. P. Iyengar). Hence, 
it was taken up for a detailed study of cystocarp development.f 


MATERIAL AND METHOD 


The alga was collected growing attached to rocks in the littorial region 
at Okha Port in Bombay State. It was preserved in 70% Formalin-alcohol. 


The material was passed through alcohol and xylol series and was ulti- 
mately embedded in paraffin wax (56°C.). Microtome sections were pre- 
pared from these. Microtome sections were cut with 7 to 10, thickness 


using safety razor blades. These sections were stained with Hematoxylin 
and Fast green in the usual way. 


Th: material was also studied in another way. 


Small portion of the material was treated in 5% acetic acid for 12 hours 
for purpose of maceration. The macerated pieces of the thallus were placed 
on the slide and chopped to very fine portions with a blade. It was then 
Stained with Cotton blue and mounted in lactophenol or in 4% Formalin. 
The cover-slip was gently pressed in order to spread the material evenly on 


the slide. Acid fuchsin was also used as an alternative stain. The latter 
stain was found useful in studying the post-fertilisation stages. 


DESCRIPTION 


The plant is erect and reaches a height of 12 to 15cm. The thallus is 
terete, cartilaginous and unconstricted. The thickness of the plant is about 
2 cm. and this size is remarkably kept very evenly throughout from the base 
to apex of the thallus (Plate VIII, Figs. 2, 4). Itis branched dichotomously 
up to 8 to 10 times (Plate VIII, Fig. 2) with a distance of about 1-5 to 
2cm., more rarely only 1cm. or up to 3cm., between each successive 


dichotomy. The plant is attached by a very small discoid hold-fast (Plate VIII, 
Fig. 2). 


The colour of the dried plant (herbarium specimen) is light red in the 
upper, younger parts, but it is darker in the older portions. The alga sticks 
fast to paper. In living condition (see also Boergesen, 1934 a) the plant has 
a rosy-red colour. The axial strand is visible neither in the dried specimen 
nor in the preserved material. The thallus surface, when seen from above, 


+ Since the completion of the present study, the writers saw Svedelius’ (1956) acccunt of the 
post-fertilisation stages in Pseudogloiophlea capensis (Setchell) Levring. 





TexT-Fics. 1-8. Pseudogloiophlaa fascicularis (Boergs.)-comb..nov.—Fig: 1. Radial- sec- 
tion-of the cortex showing the vesicles formed in between the coloured-cells. Fig. 2, Surface 
view-of the thallus showing: utricles surrounded by coloned-cells. -Fig.-3. Mature eystocarp. 
Fig. 4. A few gonimoblast filaments with terminal carpospores. Fig. 5. One-celled carpogo- 
nial branch initial. Fig. 6. Cortical branch showing antheridia. Figs. 7,8. One of the hypo- 
gynous cells much bigger than the other three and showing prominent protoplasmic connections. 
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shows pentagoncl or hexagonel ec lourless cells (Text-Fig. 2), 16 to 18 p in 
diameter, surrounded by roundish coloured cells which are 8 to 10, in 
diameter. The apex of the thallus is somewhat conical in shape. 


Internally the thollus cin be clearly distinguished into a central medulla 
and a ccrtex (Plate VIII, Fig. 3). The cortex is 90 thick. The outer part 
is 60 » thick and composed of more or less closely placed anticlinal filaments 
with moniliform rows of ccloured cells enclosing utricles in various stages 
of development and size from 26p long and 12» broad to smzull ones 
(Text-Fig. 1). The inner cells of these anticlinal filiments are large and 
rounded and the outer cells are gradually smaller (Text-Fig. 1). The inner 
cortex is not much developed and is composed of thin interwoven filaments. 
On its inner side numerous thin filaments are found, running as a rule in 
the direction of the central axis which in the adult thallus is about 90 p thick, 
The cortical tissue near the growing point scarcely shows any marked differ- 
ence between apical and other cells in the branch system. Soon the outer- 
most cells of the filaments proceeding down from these unite to form a conti- 
nuous cortical tissue which soon differentiates into an outer region with big 
cells, poor in chromatophores and an inner part with smeller cells rich in 
chromatophores. It is very rarely that all these outside cells immediately 
become vesicular as in the case in Scinaia furcellata. But between them 
various short branches with 2 or 3 cells grow out from the chromatophore 
containing cortical cells (Text-Figs. 1, 2). 


A study of the early development of the cortical tissue, however, shows 
that to an extent this elga agrees with Scinaia furcellata in this alga cortex 
development. At first the outermost cells are transformed into vesicles, but 
the cells below these vesicles give off branchlets which grow in between the 
vesicles and ultimately form the anticlinal rows described by Agardh. The 
branching of the peripherzl filaments is markedly cymose. The terminal 
cell becomes an utricle and does not divide further (Text-Fig. 1). Later, 
branchlets grow up outwards around the vesicle and may, in turn, become 
vesicles. The vesicles are gradually compressed and become transparent on 
account of their lack of colour. 


REPRODUCTION 


Spermatangial Branches.—The plant is morecious. The spermatangia 
are formed in superficial sori scattered irregularly in rows in the thellus. 
The spermatangia are borne terminally on lateral branches arising from the 
central axis. The spermatangial branches are slender and generally clustered. 
They project beyond the other cortical cells. Each terminal cell. bears two 
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spermatangia or a spermatangium terminally (Text-Fig. 6). The sperma- 
tangia are oval or clongite. They are 3p long and 5p broad. Several 
spermatangi2l branches are given out from a single peripheral ccll of the 
spermatangial branch. The spermatangia are definitely stalked, the stalk 
being one or two celled gencrally. 


Carpogonial Branches.—Carpogonial cells are formed close to the grow- 
ing apex and upon the lateral branches of the central axis. They are gene- 
rally formed on the fourth forking from the periphery of the cortical filaments 
and are lateral or axillary in position (Text-Figs. 9, 12). 


A small cell is cut off in the branch at the forking point or at the junction 
of two cells. This cell does not elongate prominently (Text-Figs. 5, 12). 
It is 2p long and 3p broad. In this connection it may be mentioned that 
Svedclius (1956, p. 17, Text-Figs. 10 Aand B) has shown the carpogonial 
branch having a well-pronounced stalk cell. In Pseudogloiophlea fasci- 
cularis Boergs., the writer has not seen such a prominent stalk cell. The 
carpogonial branch has a small cell at its base (see Text-Figs. 9, 12, 13). 


At the forking a cirpogoni=l branch initial 7-9 » long and 5-6 broad 
is formed which is deflected. It is somewhat ov:l in shape. It has dense 
protoplasmic contents and is easily distinguished from the other cells of the 
branch. Soon it divides into two producing a two-celled carpogonial branch 
14-16-5p long and 5-6y broad. Then finally the upper ccll cuts off one 
more cell to its bottom. Thus, a three-clled carpogonial branch is formed 
aid it is 17-19 long and 5-7 broad (Text-Fig. 9). The terminal cell 
ultimately becomes the carpogonium. It is 8-9 long and 5-6y broad. 
The lowermost cell is the pericarpic cell. It is 7 long and 5-6y broad. 
All the three cells of the cirpogonial filament are densely filled with proto- 
plasm. The cirpogonial branch is formed even before the vesicles are formed. 
The terminal cell of a carpog.ni«l branch develops into a cirp»gonium with 
a long trichogyne at its upper end (Text-Figs. 15, 16). The trichogyne is 
formed terminally and has an <ccumulation of dense protoplasm. There is 
generally a constriction at the junction of the carpogonium and the tricho- 
gyne. A very narrow passage is present at this constriction connecting the 
trichogyne and the carpogonium. In microscopic preparations this proto- 
plasmic connection is generally lost thus disconnecting the contents of the 
carpogonium and the trichogyne (Text-Figs. 15, 16). The trichogyne be- 
comes somewhit broader towards the tip from this constriction. Its apex 
is bluntly rounded. 


The middle cell or the hypogynous cell divides vertic lly and produces 
four cruciately arranged ‘ auxiliary’ cells, These auxiliary cells are formed 
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Text-Fics. 9-20. Pseudogloiophlea fascicularis (Boergs.) comb. nov. Fig. 9. Three-celled 
carpogonial branch before the formation of the trichogyne. Figs. 10, 15, 16. Fully formed 
carpogonial branches together with early stages of the formation of the hypogynous cells and 
sterile branches. Notein Fig. 10 the division of the second cell of the carpogonial branch, i.e., 
hypogynous cell initial. Figs. 11, 14, 17. Young cortical filaments showing stages in the 
development of branches and the formation of utricles. Fig. 12. One-celled carpogonial branch 
initial. Note the undifferentiated cortical branches. Figs. 13, 20. Initiation of sterile pericarpic 
branches before the formation of trichogyne. Fig. 18. Showing the fusion of the carpogonium 
with one of the hypogynous cells. Fig. 19. Young gonimoblast filaments. 
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before fertilisation and even before trichogyne formation (Text-Figs. 15, 
16 and 20). These four auxiliary cells do not fuse to form a single large 
fusion cell, but they remain distinct. They gradually become very large in 
size and 14-15 in diameter. Generally they are all similar. Yet in some 
cises, one of these four auxiliary cells appears bigger than the other three 
(Text-Figs. 7, 8, 18). Protoplasmic connections between the four hypo- 
gynous cells 2re very much enlarged. The well of the hypogynous cells, how- 
ever, Shows extreme bulging and is about 4-5y away. The exact mode of 
cutting of these cells by the hypogynous cell could not be followed. However 
from the preparations it seems that the cell below the carpogonium cuts off 
two cells one on cither side and one of these cells later gives rise to the 
fourth (Plate VIII, Fig. 1; Text-Figs. 7, 8). Owing to the pressure caused by 
the growth of the sterile filaments all round these cells probably get closely 
adpressed and become cruciately arranged. The fourth has been very 
often observed to be prominently connected with one of the lateral cells 
(Text-Figs. 7, 8). This needs to be verified again with the help of other 
species. 


The lowermost cell of the carpogonial branch produces the sterile fila- 
ments which ultimately form the urn-shaped pericarp. Even before the 
initiation of the trichogyne, this cell starts dividing and gives rise to cells 
which develop into upwardly curved sterile filaments. These filaments are 
at first separate, but later grow adpressed so closcly that ultimately a sort 
of pscudoparenchymatous envelope is formed surrounding the sporogenous 
tissue. This pyriform cavity formed by the sterile filaments or the pericarp 
opens out through a narrow opening, the carpostome. The lowermost 
cills of these sterile branches become prominently enlarged. From these 
enlarged cells of the pericarp branch send out rhizoid-like filaments which 
grow inwardly prallel to the cortic:1 branches. These filaments are as long 
as 5-6-cclled. The initizl pericarp is nearly fully formed even before the 
formation of the sporogenous tissue. 


Post-Fertil'sation Stages—The writer has not observed fertilisation. 
Af.er fertilisation the trichogyne gets disorganised thovgh very often its 
remnants are seen. A very clear connection is established between the ferti- 
lized corpogonium and one of the hypogynous cells and generally that is the 
one immediatcly below it. At the same time the four hypogynous cells elso 
show enlarged protoplasmic conncctions between them (Figs. 7, 8, 18). 


Whkcther the sporogenous tissve develops throvgh the empty carpo- 
gonium or not is not clear, but it is generally produced only from one of the 
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hypogynous cells (Text-Fig. 19). At first the gonimoblast initial is a single- 
celled structure, but soon it starts to divide and produce filaments with oval 
cells which are rich in contents. The sporogenous tissue is in the form of a 
globular mass of dense filaments, which are surrounded by pericarpic wall. 
The sporogenous tissue remains distinct throughout from the pericarp. Only 
one gonimoblast initial generally devclops from the hypogynous cells. This 
cell branches profusely forming a compact mass of cystocarpic branches 
which bear terminally the carpospores. The gonimoblast filaments are much 
broader at their extremities. A number of carpospores are formed in 
succession on the same filament. The carpospores are oval to somewhat 
elongate. They are 9-19 long and 5-154 broad. 


The mature cystocarps are almost spherical with a rather long carpo- 
stome (Text-Fig. 3). The cystocarps are about 323-25p long and about 
195-255» broad together with the neck. The neck alone is about 100p 
long and 90 broad. Boergesen (1934) gives the cystocarp as 225 p long and 
160 » broad together with the neck, the neck alone being 70 p long. 


Post-fertilisation stages described above in Pseudogloiophlea fascicularis 
Boergs. comb. nov. resemble in essential details those of Pseudogloiophlea 
capensis (Setch.) Levr., so well described by Svedelius (1956). Svedelius did 
not observe a trichogyne in his specimen (Svedelius, 1956, p. 19). A distinct 
trichogyne very much similar to that of Scinaia furcellata is seen in the present 
alga. 


The cruciately arranged hypogynous cells are not cruciately formed. 
But two cells are cut off on either side by the hypogynous cell immediately 
below to carpogonium and one of these cuts off the fourth hypogynous cell. 
In other words a two-celled branch on one side and a single cell on the other 
is formed by the hypogynous cell below the carpogonium. 


The post-fertilisation stages in Pseudogloiophiea fascicularis Boergs. 
comb. nov. in general very closely resemble those of Scinaia furcellata de- 
scribed by Svedelius (1915). 


SUMMARY 


The structure of the thallus, formation of the spermatangia and the 
carpogonial branches together with post-fertilisation stages in Pseudo- 
gloiophlea fascicularis (Boergs.) comb. nov., are described in detail. 


In the general features of reproduction the alga agrees with Pseudo- 
gloiophi@a capensis (Sctch.) Lev. described by Svedclius. The post-fertilisa 
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tion stages of Pseudogloiophlea fascicularis (Boergs.) comb. nov. appear to 
be similar to those of Scinaia furcellata as described by Svedelius. 
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EXPLANATION OF PLATE VIII 
Fics. 1-4. Pseudogloiophlea fascicularis (Boergs.) comb. nov. 
Fic. 1. Carpogonial branch showing the disposition of the four hypogynous cells. 
Fics. 2,4. Habit. Fig. 2, Showing the attachment. 
Fic. 3. Median vertical section of the apex showing the medulla and the cortex. 
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1. INTRODUCTION 


Many contributions have appeared on the structure of the digestive tract 
of fishes, the more important being by Pictet (1909), Greene (1912), Blake 
(1930, 1936), Biihler (1930), Rogick (1931), Schacht (1931), Ghazzawi (1935), 
Berndt (1938), Curry (1939), Jacobsen (1939), Chan (1941), Suyehiro (1942), 
Al-Hussaini (1945, 1946, 1947.a, 1947b, 1949.4, 1949 b), Al-Hussaini and 
Kholy (1953), Angelescu and Gneri (1949), Islam (1951), Girgis (1952) and 
Tortonese (1952). The latest contribution by Weinreb and Bilstad (1955) 
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deals with the histology of the digestive tract and adjacent structures of the 
rainbow trout, Salmo gairdneri irideus. 


From India the communications on this subject have not been many, 
as only a few fishes have been hitherto worked out. Dharmarajan (1936) 
described the anatomy and histology of the alimentary system of Oftolithus 
ruber; Vanajakshi (1939), of Saccobranchus fossilis and Macrones vittatus; 
Sarbahi (1940), of Labeo rohita; Mohsin of Anabas testudineus (1944-46) 
and of Glossogobius giuris (1946); and Mahadevan, of Caranx djedaba and 
Trichiurus haumela (1950), and Mugil crenilabis (1954). Pillay’s (1953) work 
has been concerned largely with the food and feeding habits of Mugil tade, 
although he has given a brief account also of the anatomy and histology of 


the alimentary tract. Kapoor (1953) has studied the digestive tract of 
Wallago attu. 


Thus the references reveal that there has been little investigation of 
the alimentary system in eels except for that by Berndt (1938) on Anguilla 
fluviatilis. In the present paper, the authors have undertaken a study of it 
in the common spiny eel Mastacembelus armatus (Lacép). 


II. MATERIAL AND METHOD 


Specimens of Mastacembelus armatus for the present study were collect- 
ed from the River Jamuna and the Okhla Canal at Delhi, and were adult. 


The measurements given in the description belong to an average-sized 
individual; viz., about 46cm. long. 


Different parts of the digestive tract were fixed in Bouin’s, Zenker’s 
or Helly’s fluid and sectioned by the paraffin-embedding process, chloroform 
being used instead of xylol in a few cases. Both transverse and longitudinal 
sections, 6 and 8 » thick, were cut, and stained with Delafield’s hematoxylin 
and eosin, or Mallory’s triple connective tissue stain. The presence of mucin 
was verified by mucicarmine. 


Il]. ANATOMY OF THE ALIMENTARY CANAL 
(A) Bucco-pharynx 


The mouth in Mastacembelus armatus is a transverse crescentic slit, 
bounded by an upper and a lower labial fold. The upper jaw extends anterior- 
ly in front of the lower and participates in the formation of the trilobed 
snout, consisting of a median stiff, solid, and pointed process and two 
lateral soft, hollow and blunt projections (Text-Fig. 1). Immediately be- 
hind each jaw is a triangular oral valve. 
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TEXT-Fic. 1. Mastacembelus armatus. Ventral view of the alimentary canal and the roof of 
the bucco-pharyngeal cavity. 
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The bucco-pharynx is narrow in front and is wide posteriorly. Its 
roof, floor and sides are formed by the base of the cranium, the urohyal and 
the branchial arches respectively. On its floor lies a triangular tongue con- 
sisting of the glossohyal enclosed in a thick mucous membrane. Teeth are 
present on the jaws and pharynx (Text-Fig. 2) there being no vomerine and 
palatine teeth. They are subequal, short, pointed, inclined inwards and 
arranged in patches. 





Maxillary tooth Pharyngeal tooth 
Text-Fic. 2. Mastacembelus armatus. Types of teeth found in the bucco-pharyngeal cavity. 


The dentiferous patch on the upper jaw, as well as that on the lower, 
is normally 1-2cm. long and 0-5cm. broad; while each of the two oval 
patches of the pharyngeal teeth measures 0-7cm. in length and 0-25 cm. 
in maximum breadth. The latter are 0-5cm. apart at their anterior and 
posterior ends and 0-3cm. at the middle. 


(B) Ocesophagus and Stomach 


The bucco-pharynx leads into a short muscular cesophagus, 4cm. 
long (Text-Fig. 1), which passes insensibly into the stomach. The stomach 
is long and tubular, being bent posteriorly into a J-like form, the small arm 
of the ‘J’ representing the pyloric part (Text-Fig. 1). 


(C) Intestine and Rectum 


The stomach leads into a short, uncoiled intestine, 14-5 cm. long, bent 
in the form of a ‘U’ before it turns and runs straight caudalwards. At 
jts junction with the stomach are a pair of small triangular cece, the left 
intestinal cecum being the larger (Text-Fig. 1). The intestine lies rather 
towards the right in the coelom up to the pyloric cece, after which it comes 
to occupy medial position. It is narrow proximally, but widens gradually 
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towards its posterior end, where it passes into the rectum, which is demar- 
cated from it internally by an ileo-rectal valve as found by Dawes (192%) 
in Pleuronectes platessa and Al-Hussaini (1945) in Scarus sordidus. The 
rectum narrows slightly before it opens out through the anus. 


(D) Folds of the Mucosa 


The alimentary canal in an average-sized specimen is 29 cm. from 
pharynx to anus. Its various parts can be differentiated to a fair extent by 
the variation in the pattern. The lining in the buccal cavity is smooth and 
fold-less, but in the pharynx it is disposed in wavy folds arranged longitu- 
dinally. In the csophagus and the stomach the folds are straight, thick 
and high. They narrow and increase in number on reaching the pyloric 
portion. In the intestine, rectum and pyloric cece their pattern is web- 
like; while near the anus they are not very distinct, although similar to those 
in the rectum (Text-Fig. 3). 
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The mucosal folds of the stomach The mucosal folds of the anterior region 
of intestine 


Text-Fic. 3. Mastacembelus armatus. Mucosal folds of the alimentary canal. 


IV. HISTOLOGY OF THE ALIMENTARY CANAL 


(A) The Snout and the Upper Lip 


The lip is composed of two principal layers—the epidermis and the 
dermis (Plate IX, Figs. 1-3). The epidermis is several layers thick, com- 
posed of polygonal cells with oval nuclei. The outer cells are flattened and 
the inner columnar, resting on a basement membrane. A major portion 
of the epidermis is occupied by numerous long saccular mucous cells with 
crescentic nuclei. Taste-buds are profusely present near the apex of the 
lip, each being borne on an elevation of the dermis. 


The dermis consists of a rather loose connective-tissue in its outer part 
and a compact one inside and bears abundant adipose cells and blood capil- 
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laries. Underneath the subepidermal basement membrane are numerous 
pigment cells; while a cartilaginous axis is present in the centre of the median 
process of the lip. 


(B) Oral Valve 


Gudger (1946) has described the morphology of the oral breathing 
valves in fishes. In Mastacembelus armatus the maxillary valve consists 


of a dorsal and a ventral mucosa, between which is a submucosa (Plate IX, 
Fig. 4). 


The ventral mucosa consists mostly of polygonal cells, each with a 
centrally situated nucleus, but the epithelial cells of the basal layer are 
columnar with oval nuclei. In between the columnar cells are also present 
some dome-shaped cells. The basement membrane, which separates the 
mucosa from the submucosa, is conspicuous and wavy. The taste-buds 
are quite numerous. 


The dorsal mucosa is similar to the ventral, but is about half as thick. 
It has no taste-buds. 


It is remarkable that mucous cells are absent in both the dorsal and 
ventral mucosz2. 


The submucosa consists of a very compact connective-tissue layer with 
small, round or oval nuclei. In it are scattered blood capillaries, reaching 
up to the bases of the taste-buds. 


The mandibular oral valve is similar in its histological details to the 
maxillary, except for the fact that the mucosal layers are reversed here. 


(C) Tongue 


The tongue consists of the mucosa, submucosa and a skeletal piece 
(Plate IX, Fig. 5). 


The mucosa, which rests on a thin basement membrane, is formed by 
a stratified epithelium, mucous cells and taste-buds. The epithelial cells 
are polygonal and arranged in four to five layers. The basal layer consists 
of columnar cells with interspersed dome-shaped cells. Mucous cells are 
plentiful. 


The submucosa consists of layers of compact connective-tissue over- 
lying loose connective-tissue fibres, with abundant blood capillaries. 


The skeletal piece is cartilaginous, and lies enclosed by the loose con- 
nective-tissue. 
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(D) Lining of the Bucco-Pharynx 


The lining of the bucco-pharynx consists of the same layers—mucosa 
and submucosa, but these vary in thickness in its various regions (Plate IX, 
Fig. 6). 


The mucosa is 6-12 layers thick and consists of epithelial cells, mucous 
cells and taste-buds. Towards its outer surface the epithelial cells are rather 
irregular in their outline on account of the presence of mucous cells amongst 
them. The basal layer, which evidently corresponds to the stratum ger- 
minativum of Sarbahi (1940) and Girgis (1952), is composed of columnar 
cells, each with a pointed or round apex. The mucous cells are of varying 
shapes, lie scattered in the epithelium, and show mucous disposed in some- 
what reticulate manner. The taste-buds are situated either on the crests 
or in the crypts of the folds. 


The basement membrane sevarates the mucosa from the submucosa, 
the latter consisting of dense connective-tissue with small oval, round or 
elongated nuclei between the fibres and abundant blood capillaries. 


In the posterior part of the bucco-pharynx corresponding to a pharynx 
(Plate X, Fig. 7), a muscularis layer is present in the form of muscle bundles 
lying in the meshes of the compact connective-tissue fibres of the submucosa. 


(E) Oesophagus 


The wall of the esophagus consists of the mucosa, submucosa, mus- 
cularis and serosa (Plate X, Fig. 8). The mucosa resembles that of the bucco- 
pharynx, but its epithelium is highly folded, showing narrow crypts. Mucous 
cells are abundant as in the bucco-pharynx. It is worth noting that in 
Mastacembelus armatus taste-buds abound in the wall of the cesophagus, 
which differs thereby from that of Saccobranchus fossilis (Wanajakshi, 
1938), Caranx djedaba (Mahadevan, 1950), Rita rita and Ophiocephalus 
gachua (Islam, 1951) where they are absent. Kapoor (1953) reports their 
presence in the cesophagus of Wallago attu. 


The submucosa is well developed. It consists of thick, vascular con- 
nective-tissue projecting into the mucosal folds, and even extending between 
them almost up to the epithelium, thus forming the tunica propria. 


The muscularis consists of two layers—an outer thick layer of circular 


muscle fibres and an inner layer of longitudinal muscle bundles dispersed 
in the submucosa. 


The serosa forms the outermost covering, and is composed of a single 
layer of peritoneal cells and connective-tissue. 
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(F) Stomach 


The stomach can be divided histologically into two regions: the cardiac 
with abundant multicellular glands; and the pyloric characterised by the 


absence of gastric glands. A few such glands, however, are found at the 
pyloris. 


(i) Cardiac stomach.—The wall of the stomach (Plate X, Fig. 9) con- 
sists of the same layers as the cesophagus. Its mucosa, however, contains 
abundant gastric glands but is diposed into prominent wide folds, project- 
ing into the lumen. The epithelium is a single layer of simple tall columnar 
cells, each with a round or oval nucleus situated in the middle or in its basal 
part. The epithelium is mucoid as revealed by the mucicarmine test. Thus 
we can confirm in this respect the observations of Stirling (1884), Babkin 
and Komorov (1932), Jordan (1937) and others. 


Each gastric gland is composed of polygonal cells arranged to form a 
narrow test-tube like structure. The cells are not distinguished into oxyn- 
tic and the peptic as observed by Edinger (1877). Greene (1912), Blake 
(1930, 1936), Islam (1951), Kapoor (1953) and others compared them with 
the peptic cells found in mammalian gastric glands. Stirling (1884) pointed 
out that the same cells produce both mucous and acid, but there is no con- 
sensus about it and the matter needs further research. 


The tunica propria is a continuation of the submucosa and supports 
the epithelium and the gastric glands. There are connective-tissue septa 


between adjacent gastric glands, and numerous blood-capillaries occur in 
the tunica propria. 


The submucosa is formed by a thick fibrous connective tissue with 
characteristic oval nuclei and a rich vascular supply. 


The muscularis consists of an inner circular and an outer longitudinal 


layer, the circular layer being the thicker. Between the layers are blood 
capillaries. 


The serosa is the outermost layer of the stomach wall. It is thin and 
consists of a single layer of flattened cells. 


(ii) Pyloric stomach.—The transition from the cardiac stomach to the 
pyloric is gradual. The mucosal folds increase in number, and the mus- 
cularis becomes thicker; while the multicellular glands are gradually re- 
duced, being absent in the pyloric portion, except for a few localised ones 
near its orifice into the intestine (Plate X, Figs. 10-12). 








nea 
the 
Jar 
(G 


OV 


35 





iac 
the 
the 


ins 
Ct- 
ar 
sal 
us 
‘in 


ke 
ith 


al 
id 








Anatomy and Histology of Alimentary Canal of M. armatus(Lacép) 181 


Berndt (1938) and Al-Hussaini (1953) have also observed gastric glands 
near the pyloric orifice in Anguilla fluviatilis and Tilapia esculenta respectively. 


The submucosa is better developed than in the cardiac portion; and 
the circular layer of muscle-fibres forms the major part of the thick muscu- 
laris, being 8-10 times thicker than the longitudinal layer. 


(G) Intestine and Rectum 
The mucosa in the intestine (Plate XI, Fig. 13) has three types of cells: 


(a) Epithelial cells, which are tall, columnar and slender, with large 
oval nuclei. 


(b) Wandering cells, which are scattered throughout the length of the 
mucosa at almost all depths and are also present in the tunica propria. 
Their outline is not distinct, but their round nuclei get deeply stained. 


(c) The mucous or goblet cells, which appear to be more numerous at 
the crest of the epithelial folds. Nowhere are they so plentiful in the intes- 
tine as they are in the bucco-pharynx and the csophagus. Each mucous 
cell has its distal part swollen and filled with mucous while its proximal part 
is drawn into a filament containing the oval nucleus. 


The tunica propria occurs between the folds of the intestine, and is 
tichly supplied with blood-capillaries. The submucosa is feebly developed; 
and the circular layer of muscle fibres in the muscularis is thicker than the 
longitudinal one. 


The serosa consists, as elsewhere, of a single layer of cells with blood- 
capillaries. 


(H) Intestinal Cece: 


Oppel (1896) and Gulland (1898) observed that the pyloric cece in 
their histological structure resemble very closely the intestine. Greene 
(1913) and Blake (1930) corroborated it. Rahimullah (1945) and Al-Hus- 
saini (1947) regard the term ‘ pyloric cece’ as a misnomer and point out 
that the structures have gained this misleading name from their position 
near the pylorus. Rahimullah (1945) assigned the following probable func- 
tions to them: (i) to absorb fat, (ii) to absorb digested food matter, (iii) 
to store reserve and semi-digested food material and (iv) to act partly as 
digestive organs. 


In Mastacembelus armatus the intestinal cece (Plate X1, Figs. 14, 15) 
show the same histological structure as the intestine. The only important 
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difference being the larger number of mucosal folds and their greater length, 
so that they seem to fill up almost the whole of the lumen. 


The rectum (Plate XI, Fig. 16) resembles the intestine in its histological 
structure, except for the fact that the mucosal folds are extremely reduced 
in it and are rather distinct from each other. The vascular supply is richer, 


Near the anus (Plate XI, Fig. 17) the mucosal epithelium becomes strati- 
fied, the mucous cells are numerous and muscularis is thickened. 


SUMMARY 


The authors have described in detail the anatomy and histology of the 
alimentary canal of the spiny eel Mastacembelus armatus (Lacép). Amongst 
the more important features discovered by them might be mentioned the 
participation of the upper jaw in the formation of the trilobed snout, which 
bears a cartilaginous axis in its median lobe; the presence of both maxillary 
and mandibular valves in the bucco-pharynx and the absence of mucous 
cells on them; the occurrence of taste-buds not only in the wall of the bucco- 
pharynx and on the tongue but also in the esophagus; the disposition of 
the gastric glands in the stomach and the non-differentiation of their cells 
into oxyntic and peptic; the close histological similarity between the intes- 
tine, intestinal cece and the presence in abundance of mucous cells near 
the anus. 
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ABBREVIATIONS USED IN TEXT-FIGURES AND PLATES 


dorsa] mucosa. 
epidermis. 
gonads. 

gill arches. 
gastric gland. 
intestine. 
intestine fold. 


py.ca. .. intestinal cece. 

r.bc. .. foof of the buccal cavity. 
rec. -. rectum. 

Se. .. serosa. 

sm. .. Submucosa. 

St. .. stomach. 

st.f. .. Stomach fold. 
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int.w. 


ii. 
Im. 


liv. 


max. 


m.f. 


b.c. 
b.w, 
ca. 
cl. 


cm, 


Fic. 1. 
Fic. 2. 


Fic. 3. 
Fic. 4. 


me. 3. 


Fic. 6. 


Fic. 7. 


Fic. 8. 


Fic. 9. 


Fic. 10. 
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intestine wall. St.py. .. pyloric stomach. 
lip. St.w. .. stomach wall. 
lateral lobes. t.b. .. taste-bud. 
longitudinal muscles. tp. .. tunica propria. 
liver. u.j. .. Upper jaw. 
mucosa. v.C. .. visceral cavity (Cleom). 

t. .. maxillary teeth. vm. .. Ventral mucosa. 
mucosal folds. w.c. .. wandering cells. 
anus. ml. .. mucosal layer. 
blood capillaries. mu.c. .. mucous cells. 
body wall. 0.¥. .. Oval valve. 
cartilage. oes. .. csophagus. 
central lobe. pg.c. .. pigment cells. 
circular muscles. ph. .. pharynx. 
dermis. ph.t. .. pharyngeal teeth. 

EXPLANATION OF PLATES 
PLATE IX 
A transverse section of the tip of the lip, showing trilobed pattern. 


A transverse section of the mid-region of the lip, showing the central cartilaginous and 
lateral hollow lobes. 


A transverse section of the basal region of the lip under low power. 


A portion of the transverse section of the maxillary oral valve under high power, showing 
the dorsal mucosa, the thicker ventral mucosa with a taste-bud and a common 
submucosa. 


A portion of the transverse section of the tongue, under high power showing mucosa 
with a taste-bud, mucous cells and submucosa. 


A portion of the transverse section of the buccal lining, under high power, showing 
stratified epithelium mucous cells, a taste-bud and the submucosa. 


PLATE X 


A portion of the transverse section of the anterior part of the pharynx, under high 
power, showing stratified epithelium, mucous cells, taste-bud in the mucosa, and 
the submucosa. 

A portion of the transverse section of the anterior part of the oesophagus, under high 


power, showing mucosa with stratified epithelium, mucous cells, taste-bud and the 
submucosa. 


A portion of the transverse section of the cardiac stomach, under high power, showing 
gastric glands in the mucosa. 


A transverse section of the pyloric stomach, under Jow power, showing mucosa 
composed of a single layer of columnar epithelium and a well-developed muscularis 
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. A portion of the transverse section of the pyloric stomach, under high power, showing 
the mucosal folds without the gastric glands and the submucosa. 


A portion of the transverse section of the pyloris, under high power, showing the 
presence of a few localised gastric glands. 


PLaTe XI 
. A portion of the transverse section of the intestine, under high power, showing mucosal 
folds with epithelial cells, mucous cells, wandering cells and the tunica propria. 
A transverse section of the right pyloric cece#, under low power. 
A transverse section of the left pyloric cece, under low power. 


A transverse section of the rectum under low power, showing the mucosa, submucosa, 
muscularis and highly vascularised serosa. 


A portion of longitudinal section of the anus, under high power, showing abundance, 
of mucous cells in the stratified epithelium of mucosa. 
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ENZYME experiments in mammalian tissues are conducted with slices, homo- 
genates or extracts. Studies with slices may introduce difficulties because 
of permeability factors, while results with extracts may be misleading because 
of variability in the amount of material discarded and lack of knowledge 
concerning the relation between the activity of the extract and that of the 
discarded portion. It is therefore, generally advantageous to use whole 
homogenates in which permeability factors are ruled out and no part of the 
activity is discarded. 


During recent years, there has been considerable interest in investiga- 
tions concerning localization of enzyme activities in tissue cells. It is now 


well recognised that cell metabolism is closely co-ordinated and organised 
within the constituent cell fractions, the nuclei, the mitochondria and the 
soluble phase (Dounce, 1950; Bradfield, 1950; Claude, 1950; Holter, 1952). 
This ‘ chemical geography ’ of the living cell has become increasingly apparent 
with studies on the intracellular localization of different enzyme systems. 


It was of interest to extend the observations reported in earlier communi- 
cations (Nadkarni and Sreenivasan, 1957 a,b) on the enzyme system 
involved in the metabolism of serine to a study of their intracellular distri- 
bution. 

EXPERIMENTAL 


Separation of Cell Fractions—Adult albino rats maintained on the labo- 
ratory stock diet were decapitated and the livers were quickly removed and 
chilled over cracked ice. After removing the connective tissues, the liver 
pieces were weighed and homogenised in a glass homogeniser with cold 
isotonic (0-25 M) sucrose solution (Schneider and Hogeboom, 1950) to 
make a 20 per cent. suspension. 15 ml. of the sucrose homogenate were 
centrifuged in an International Refrigerated Centrifuge (PR-2) at 700xg, 
for 10 minutes for separation of nuclei and unbroken liver cells. The super- 
natant was kept aside in the cold for further separation. The sediment was 
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washed with 5 ml. of isotonic sucrose by resuspending and recentrifuging, 
The sediment was suspended in 15 ml. of cold isotonic sucrose and was used 
as the nuclear fraction (N). The supernatant and washings were mixed 
together and recentrifuged at 5600xg, for 10 minutes. The sediment was 
resuspended in 15 ml. of isotonic sucrose and was used as the mitochondria] 
fraction (M). The supernatant translucent part of the homogenate from 
which most of the large size granules were removed, was used as the super- 
natant fraction (S). The procedure was essentially that of Schneider and 
Hogeboom (1948). 


The procedures for serine decarboxylation, glycine to serine conversion, 
ethanolamine to serine conversion, and serine deamination, were as detailed 
in earlier communications (Nadkarni and Sreenivasan, 1957 a, b). 


For study of serine deamination, fractionation was carried out with 
isotonic saline (0-9 per cent.) (Schneider et a/., 1948). The procedure was 
otherwise the same as for sucrose homogenates. It was found that, with 
sucrose as medium, there was interference in the determination of NH, by 
the Nessler’s Reagent. The pattern of scparation of the cell constituents was 
the same as with isotonic saline or sucrose as revealed from succinic dehydro- 
genase activity determinations (see results). 


RESULTS AND DISCUSSION 


It was experienced that under the conditions of the foregoing fractiona- 
tion, some mitochondria were sedimented along with the nuclei. The extent 
of such contamination by mitochondria of the nuclear fraction was assessed 
from determinations of succinic dehydrogenase activity which is associated 
only with mitochondria (Schneider et al., 1948; 1950). Succinic dehydro- 
genase activity was followed manometrically in Warburg flasks. The main 
compartment contained 1-0 ml. of 0-1 M phosphate buffer pH 7-4, 0-2 ml. 
of 0-01 M methylene blue, 1-0 ml. of liver homogenate or its equivalent 
liver fraction and 0-6 ml. of water. The.side arm contained 0-2 ml. of 
0-1 M sodium succinate and to the centre cup was added 0-2 ml. of 10 per 
cent. KOH. The liver homogenate (or the corresponding fraction) was 
diluted to make a |: 50 suspension of the whole liver (Table I). 


The results with the different enzymes concerned in serine metabolism 
are given in Table II. 


Serine decarboxylase activity resides largely in the mitochondrial fraction. 
This is also the case with the system that brings about conversion of etho- 
anolamine to serine. The presence of a CO,-fixing enzyme in mitochondria 
has been reported recently (Lardy and Adler, 1956). 





Intracellular Distribution in Rat Liver of Certain Enzyme Systems 


TABLE I 


Distribution of Succinic Dehydrogenase activity in 
liver fractions as obtained 





Succinic Dehydrogenase 





Activity Qo, Recovery 
pl./mg. N/hr. per cent. 





Whole liver homogenate .. 60 100 
Nuclei 6 16 
Mitochondria + 46 


Supernatant me nil 





TABLE II 


Serine Metabolism: Intracellular distribution of enzymes 





Serine Ethanolamine to |. . Glycine to serine 
: See : Serine dehydrase > 
Decarboxylation | serine conversion | conversion 





N 


Activity 
Recovery 
Activity 
u moles of 
Activity 
»w moles NHg 
Activity 
uw moles of 
serine/mg. N 





| serine/mg N 


| per ing, 


| 
| 
| 





3°41 | 1-10 


So 
o | 
w 


Whole liver homogenate 100 


0-26 | 28 | 2-83 0-28 | 


' 
| 
Nuclei ‘ 
Mitochondria ee | 


0-08 2-3 | nil 


| 
Supernatant | | 
{ 


nil 





-40 | nil | nil 


x | 


P | 
. | 
2-65 0-70 | 75 | 0-66 | 0-80 | 
’ 
_} 


Glycine to serine conversion is also brought about in mitochondria. 
Mitoma and Greenberg (1952) studied incorporation of formaldehyde into 
serine with mitochondria. Mackenzie et al. (1953) observed that both the 
washed sediment and the supernatant were required for the conversion of 
dimethylaminoethanol to formaldehyde. On the other hand, formaldehyde 
was isolated when methanol was incubated with the supernatant alone or 
when dimethylglycine or sarcosine were incubated with the washed sediment 
only. Thus, the enzyme system for formation of formaldehyde is associated 
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with the supernatant as well as mitochondria. It would seem that whethe, 
the 1-C fragment is formate or formaldehyde, mitochondria provide the 
enzyme system for its condensation with glycine to form serine. This js 
also indicated in the cyclophorase system in rabbit liver (Sarkar et al., 1952), 


Deamination of serine is maximal with the nuclear fraction. Serine 
deamination has been reported only in micro-organisms and in tissue extracts, 


The present observation that nuclei are the active centre of this enzyme js 
therefore of interest. 


SUMMARY 


The activities of the enzyme systems for serine decarboxylation, ethanol. 
amine to serine conversion, serine synthesis from glycine and serine deamina- 


tion, have been followed with cell fractions obtained by differential centri. 
fugation. 


Serine decarboxylation, ethanolamine to serine conversion and glycine 
to serine conversion are associated largely with the mitochondria, while serine 
deamination is maximum in the nuclear fraction. 
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IN recent communications from this laboratory (Nadkarni and Sreenivasan, 
1957 a, b, c) the effects of pyridoxine, biotin and folic acid on the metabolism 
of serine were discussed. Results are reported here on the amino acid 
composition of the total liver proteins of rats fed on normal and deficient 
diets. It was considered that such data incidental to the main programme 
of work would be of importance in view of the increasing recognition of 
vitamin-amino acid interrelationships. 


Growth arrest in a deficiency of B vitamins implies their influence in the 
synthesis of cellular proteins. In a reverse manner, it is well known that 
animals reared on a high protein diet exhibit an increased requirement for 
B vitamins. Furthermore, it is well recognised thata proper balance between 
calories and proteins is of great importance. B vitamins, in many instances, 
act as regulatory substances in the production as well as utilization of energy 
from foods; they are important components of enzyme systems serving to 
metabolise carbohydrates, fats and proteins for various physiological pro- 
cesses. It is therefore easy to appreciate that the efficiency of protein util- 
ization could be modified by dietary levels of B vitamins (Sure and Dichek, 
1941; Sure, 1950, 1954; Kleiber and Jukes, 1942; Laurence et al., 1944; 
Bosshardt et al., 1950; Charkey et al., 1950; Richardson et al., 1951; 
James and Abbott, 1952; Nelson and Evans, 1953). 


There are reports specifically implicating pyridoxine, biotin and folic 
acid in the metabolism of proteins and amino acids. Thus, it is known that 
the requirement for vitamin Bg is influenced by qualitative and quantitative 
make-up of the proteins in a diet (Cerecedo and Foy, 1944; Page and Gingras, 
1946, 1947; Anderson et al., 1951; Snell, 1953; Beaton et al., 1950, 1953 a, 
1953). The known enzymatic functions of vitamin B, also suggests its 
important role in protein metabolism (Snell, 1953). Fasting levels of urea 
and non-protein nitrogen increase with protein levels in vitamin B,-deficient 
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animals (Hawkins et al., 1946). Production of antibodies in the system 
is also apparently related to pyridoxine (Axelrod, 1953). Besides, vitamin 
deprivation causes impairment in globulin (Stoerk, et al., 1947) and hemo. 
globin synthesis (Mckibben et al., 1942; Cartwrite et al., 1944; Reid 
et al., 1945) and in the synthesis of the protein moieties of certain enzymes 
(Ershoff, 1951; Lichstein, 1956). The suggestion has been made (Christen. 
sen et al., 1952, 1953) that, in the transfer of amino acids into the cell interior 
(Vanslyke and Meyer, 1913-14; Luck, 1928; Hamilton, 1945), B vitamins 
and especially vitamin B, may take part. 


Evidence correlating biotin with protein metabolism is comparatively 
scanty. The vitamin is apparently related to the fundamental process of 
growth as the biotin content of embryonic tissue and tumourous tissue is 
very high (West and Woglom, 1941). In induced biotin deficiency, there is 
observed not only typical symptoms of dermatitis but also granulocyto- 
peenia, leukepeenia and anemia (Daft et al., 1942). Biotin influences the 
metabolism of aspartic acid and the deamination of certain amino acids 
(Gothoskar and Sreenivasan, 1953 a, 1953 5). It has been shown that ina 
deficiency of biotin there is decreased incorporation of carbon dioxide into 
the purine bases isolated from visceral nucleic acids (McLeod and Lardy, 
1949). Gothoskar, Rege and Sreenivasan (1954) have observed a depressing 
effect of biotin on the synthesis of both DNA and RNA in micro-organisms, 
The relationship of nucleic acids to protein synthesis (Brachet, 1941; Gale, 
1955) would implicate biotin indirectly in protein metabolism. The sug. 
gestion has been apparently made that biotin may function in certain meta 
bolic processes only indirectly by aiding the synthesis of the protein moieties 


of the enzyme systems involved (Winzler et al., 1944; Blanchard et al, 
1950). 


Special significance is conferred on folic acid in protein utilization, 
because this vitamin is involved in transmethylations, nucleotide synthesis 
and the metabolism of glycine, serine, threonine, cystine, methionine, trypto- 
phan, histidine and possibly other amino acids (Sreenivasan, 1955). Besides, 
its close metabolic relationship to vitamin B,., whose importance in general 
and oxidative metabolism is well known, may be expected to emphasize 
further its influence on protein metabolism. 


While, the general effects of the different B vitamins on amino acid 
metabolism have been extensively reported, there is no information cot- 
cerning changes in tissue protein composition resulting from their deficiencies. 
The present studies were, therefore, undertaken on the amino acid compos 
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tion of the liver protein of normal and of vitamin Bg, biotin, and folic acid- 
deficient rats. 


EXPERIMENTAL AND RESULTS 


The animals were the same as in the experiments reported earlier on 
vitamin B,, biotin and folic acid deficiencies (Nadkarni and Sreenivasan, 1957 
a, b, c). 


Determination of liver amino acids —The homogenised liver of the normal 
(control) or of the vitamin-deficient rat was suspended in 15 ml. of 6 N hydro- 
chloric acid in a sealed tube and hydrolysed for 10 hours at 15 1b. steam 
pressure and cooled. Tissue material equivalent to 200 mg. dry weight was 
taken in each sealed tube. 2-0 ml. of 2-5M sodium acetate solution was 
added to the hydrolysate and pH was adjusted to 4-5. The hydrolysate was 
made upto 50 ml. volume and filtered. A portion of the filtrate was taken 
with the ethyl ether to remove lipid material and pH of the aliquot was 
brought to 6-8 with dilute NaOH and the volume was adjusted again. This 
hydrolysate was used for assay of all amino acids other than tryptophan. 


For the estimation of tryptophan, tissue material was hydrolysed 
enzymically by the method recommended by Wooley and Sebrell (1945). 
Homogenised liver equivalent to 200 mg. dry weight was taken in a 100 ml. 
conical flask, to which was added-25 ml. of 0-1 N sulphuric acid and 10 mg. 
of pepsin (B.D.H.). The flasks were incubated overnight at 37°C., 3-0g. 
of K,HPO,.12 H,O were added and the pH brought to 8-4. After adjust- 
ment of pH, 50 mg. trypsin (B.D.H.) were added and the flasks were incu- 
bated for three days at 37°C. The pH was adjusted again to 6-8 and the 
volume was brought to 100ml. Solutions containing 10 times the amount 
of enzyme preparations were simultaneously digested and these, when 
assayed, were treated as blanks. The amount of tryptophan calculated 
to be present in the enzymes used for the digestion was then deducted from 
the total values for tryptophan found in the assayed materials. 


All assays were carried out by specific microbiological procedures 
(Table I) with uniform assay media of Henderson and Snell (1948), using a 
Cannon Dispensor-Titrator assembly (Henderson, Brickson and Snell, 1948). 


The results for the different groups of animals in pyridoxine-, biotin- 
and folic acid-deficiency are given in Tables II, III and IV respectively. The 
values represent averages of four determinations from the homogenates of 
livers from four animals in each case. Results expressed as di-forms are 
expected to be half for /-forms, 
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TABLE I 


Organisms used for amino acid assays 





Amino acid 


dl-methionine 
Glycine 


dl-serine 
l-tyrosine 


dl-B-phenylalanine 
dl-isoleucine 


dl-leucine 
dl-valine 
/-lysine 
/-histidine 
dl-aspartic acid 
dl-threonine 
dl-tryptophan 


Range of 
Assay Assay Organism Reference 


Lactobacillus fermenti Barton-Wright and Curtis, 
1948 

Leuconostoc Dunn et al., 1949 
mestenteroides P-60 

Lactobacillus casei Alexander et al., 1953 

Lactobacillus Barton-Wright. 1946 
arabinosus 17-5 

Leuconostoc Barton-Wright, 1946 
mesenteroides P-60 

Lactobacillus Schweigert et al.. 1944 
arabinosus 17-5 


L. mesenteroides P-60 Barton-Wright, 1946 


mn Stokes and Gunness. 1945 
Streptococcus fecalis Stokes et al., 1945 
L. arabinosus 17-5 Wooley and Sebrell, 1945 





TABLE II 


Effect of vitamin B, deficiency on liver amino acids 





Vitamin Vitamin 
B,-deficient B,-fed 
Amino acid 





Per cent dry wt. 





dl-methionine .. 1-06+0:-21 1-89+0-20 
Glycine .. 2°33+0-16 3-78+0-20 


dl-serine re 5-31+0:15 


I-t 


dl-B-phenylalanin 4:46+0-30 
dl-isoleucine .. 4°89+0-40 
dl-leucine .. 4°2440-30 
dl-valine .. 41140-31 
l-lysine .. 11-62+0-60 
l-histidine wv 1-30+0°-11 
dl-aspartic acid 4-67+0-20 
dl-threonine .. 2°3540C-10 
dl-tryptophan .. 0-74+0-02 


*38+0-15 
°48+0-21 
*68+0-22 
*22+0-16 
*91+0-15 
*52+0-32 
*74+0-30 
*36+0-15 
*61+0-30 
29 +0-30 
-19+0-04 


yrosine ..  1°64+0-22 
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TABLE III 


Amino acid levels in biotin-deficient and biotin-fed rats 





Biotin-deficient Biotin-fed 


Amino acid 


dl-methionine 
Glycine 

dl-serine m7 
]-tyrosine a 
dl-B-phenylalanin 
dl-isoleucine 
dl-leucine 
dl-valine 

l-lysine 

I-histidine 
dl-aspartic acid 
dl-threonine 
dl-tryptophan 





Per cent. dry weight 


1-82+0-10 
3-92+0-20 
6:59+0-11 
2-43+0-10 
6-68+0-41 


7°65+0-50 


5-22+0-15 
8-44+0-20 
15-54+0°-11 
2-16+0-05 
6-48+0-21 
3-12+0-31 
1-00+0-01 


*844+-0°11 
*96+0°-18 
*75+0-12 
*50+0-10 
*65+0-21 
*83+0-20 
-93+0-20 
*23+0-16 
15-82+0-12 
2-17+0-15 
6-46+0-22 
3-50+0-13 
1-14+0-02 


COUAANDwW 





TABLE IV 


Amino acid levels in folic acid-deficient and folic acid-fed rat 





Amino acid 


Folic acid- 
deficient 


Folic acid-fed 





Per cent. dry weight 





dl-methionine 
Glycine 

dl-serine 
I-tyrosine ka 
dl-B-phenylalanin 
dl-isoleucine 
dl-leucine 
dl-valine 

l-lysine 

]-histidine 
dl-aspartic acid 
dl-threonine 
dl-tryptophan 


*22+0-16 
*41+0-25 
-08+0-15 
‘08+0-16 


4-65+0-25 
2-97+0:-21 
0-99+0-02 


1-50+0:-11 
*15+0-13 
*25+0-15 
*39+0-20 
*36+0-26 
*54+0-22 
*56+0-20 
*73+0-32 
‘6 +0-59 
*14+0-16 
*21+0-36 
-60+0-30 
*25+0-04 


—WANNRADAANAW 





Data on liver weight, and total liver ‘nitrogen and liver vitamins are 
summarised in Table V. The methods used for determination of liver 
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nitrogen, liver pyridoxine, liver biotin and liver folic acid are outlined jp 
earlier communications (Nadkarni and Sreenivasan, 1957 a, b, c). 


TABLE V 


Data on liver weight, total liver nitrogen and liver vitamin 





Liver weight 
per 100 g. 
body weight 


Liver nitrogen 





Liver vitamin 


Per cent. vg./g. fresh wt. 


Per cent. 


g. dry weight 


fresh weight 





3-37+40-4 
4-5840-4 


13-64+0-9 
11-72+1-4 


3-91+0-14 
3-43+0-24 


6-91 +0-01 
4-10 +0-02 





+ Biotin 


—Biotin 


2°8 +0°3 
5°6 +0°4 


13-56+0-8 
11-32+1-0 


3-89+0-03 
3-33+0-20 


0-242+0-002 
0-081 +-0-002 





+ Folic acid 


—Folic acid 


3-56-+0-2 
3-80+0°1 


12-84+0-4 
11-01-+1-3 


3-71+0-20 


3-45+0-10 


5:75 +0-03 
2-87 +0-04 





DISCUSSION 


A comparison of the data on the amino acid composition of livers of 
rats from the three normal groups reveals the close constancy in the values. 


In a deficiency of vitamin B, there is a sure and appreciable decrease 
in the values fer all amino acids. This is also reflected in the decreased liver 
total proteins. However, there is an increased liver weight per unit weight 
suggesting that total liver protein is not correspondingly affected. The pro- 
nounced effect of a vitamin B, deficiency on liver amino acid levels is in 
conformity with observations reviewed earlier. 


Biotin deficiency apparently does not influence the composition of the 
liver amino acids assayed although there is a decrease in liver proteins though 
not in total proteins in whole liver. This latter observation may have a 
bearing on the effect of biotin on nucleotide metabolism (McLeod and Lardy, 
1949; Gothoskar, Rege and Sreenivasan, 1954). Brachet (1941) and Gale 
(1955) had pointed out the relationship of protein synthesis to nucleic acids. 


As with vitamin B,, the influence of folic acid on liver amino acids is 
more widespread. This is especially so with glycine, serine, histidine and 
threonine. Rege and Sreenivasan (1954) had shown the influence of folic 
acid on nucleotide synthesis and hence the general effect of folic acid defi- 





A Study of Variations. in Total Amino Acids of Rat Liver 199 


ciency on liver proteins may also be due to its controlling influence on 
nucleotide metabolism. 


SUMMARY 


A marked decrease in the amino acid composition of rat liver proteins 
in vitamin B, and folic acid deficiency but not in biotin deficiency is reported. 
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THE non-protein nitrogen of fish muscle constitutes a small fraction of the 
total nitrogen content of the fish. However, the nitrogenous extractives 
of fish muscle which consist of ammonia and trimethylammonium bases, 
guanidine and imidazole derivatives, and miscellaneous substances such 
as urea, amino acids, purines and pyrimidines are of significance from the 
aspect of preservation and processing of fish. These substances probably 
influence the potential keeping quality and appear to contribute to the flavour 
of the fish. The nature and concentration of their decomposition products 
are of primary importance in deciding the edibility of the fish. The changes 
in the concentration of some of these constituents reflect the early changes 
occurring in fish muscle prior to the onset of organoleptically detectable 
spoilage and hence are of value as tests for the quality of fish. 


The distribution of the nitrogenous components varies in different fishes 
and also factors such as environment, spawning cycle, season, size and age 
probably influence this distribution. Available information on these aspects 
relating to fishes of the Atlantic, Pacific and Arctic oceans, the North Sea 
etc., has been critically reviewed by Shewan.! The study of non-protein 
nitrogenous extractives in Indian marine fishes is therefore of interest from 
the comparative aspect besides being of value in fish processsing. 


Preliminary to a comprehensive investigation, the authors surveyed 
the distribution of non-protein nitrogen in a number of marine fishes and 
some invertebrates. The trimethylamine oxide, free a-amino acid nitrogen, 
total volatile basic nitrogen, etc., were also determined in some cases. The 
results of these investigations are reported in this paper. 


MATERIALS AND METHODS 


The fishes used in this study were obtained mainly from shore seine 
catches at Dhanushkodi and brought to the laboratory in crushed ice. Some 


* Published with the kind permission of the Chief Research Officer, Central Marine Fisheries 
Research Station, Mandapam Camp. 
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were also obtained from nearby fishing villages and from the ‘ Kellong’ 
fishing operations carried out by this Station at Mandapam Camp in the 
Gulf of Mannar. The oysters were collected from the coral rocks near the 
shore and the clams from the sandy bottom of the shallow regions in the 
Gulf of Mannar. 


(a) Total nitrogen.—Total nitrogen of the fish muscle was determined 
by the Kjeldahl method. 


(b) Trimethylamine oxide nitrogen—A known weight (ca.5g.) of the 
muscle was ground with acid washed sand in a mortar and 5 ml. of distilled 
water added followed by 10 ml. of 10% trichloracetic acid.2 It was mixed 
well and left for 2 hrs. after which it was filtered and the precipitate washed 
repeatedly with 1% trichloracetic acid. The filtrate and washings were made 
up to a known volume (25 ml.) and 5 ml. of this was treated with 1 ml. of 
N hydrochloric acid and 0-5 g. of Devarda’s alloy and kept on the boiling 
water-bath for 15 minutes. It was then cooled, filtered, washed with distilled 
water and the filtrate and washings made up to 50 ml. The trimethylamine- 
oxide was then determined by the difference in the volatile base before 
and after reduction.® 


(c) Total water-soluble nitrogen—A known weight of the muscle was 
taken in a Waring Blendor, enough distilled water added to cover the blades 
and minced for two minutes. The pasty mass was then transferred quanti- 
tatively to a conical flask with the help of distilled water so that the final 
volume came to about five times in ml. of the weight of muscle taken. 2 ml. 
of toluene were added, mixed well by swirling and left overnight in the 
tefrigerator with occasional swirling. It was then made up to the nearest 
convenient volume and filtered or centrifuged. The total water-soluble 
nitrogen was then determined by the micro-Kjeldahl procedure. 


(d) Non-protein nitrogen —To a known volume (10 ml.) of the filtrate 
from (c) were added 5 ml. of 20% trichloracetic acid, the precipitated 
protein was filtered and washed repeatedly with 1% trichloracetic acid and 
the filtrate and washings made up to 25ml. The nitrogen in this filtrate 
was determined by the micro-Kjeldahl method. 


(e) Free a-amino acid nitrogen—From 20 ml. of the filtrate from (c), 
the proteins were removed as described in (d) above and the filtrate was 
neutralised to thymolphthalein with N sodium hydroxide. The free a- 
amino acid nitrogen was then determined by the method of Pope and 
Stevens.* 
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(f) Volatile base nitrogen—This was determined using 1 ml. of the 
filtrate obtained in (c) by the Conway micro diffusion method. 


(g) Glutamine amide nitrogen.—This was determined according to the 
procedure described by Kermack etal. (loc. cit.) 


RESULTS AND DISCUSSION 


The results are shown in Tables I and II. The total nitrogen content 
varied from 2-663 to 3-628% in the teleosts, the usual value being about 
3-4% of the wet weight of the muscle (Table I). In the elasmobranchs the 
total nitrogen content is higher than that in the teleosts, the values ranging 
from 3-77 to 4-41% of the muscle. Elasmobranch muscle is known to 
contain urea in fairly large concentrations, up to 2%, unlike in the teleosts 
and this presumably explains the higher total nitrogen content of the former, 
The total nitrogen content of the invertebrates is of the same level as that 
of the teleosts. 


The total water-soluble nitrogen is also high in the elasmobranchs, 
viz., 1,342 to 1,994 mg. nitrogen per 100 g. of wet muscle, while in the teleosts 
it ranges from 594-6 to 1,042 mg. nitrogen per 100g. of wet muscle. The 
high values of water-soluble nitrogen in the invertebrates is accounted for 
by the presence of considerable quantities of free amino acids in their muscle. 


The non-protein nitrogen (N.P.N.) content of the teleosts is about 10% 
of the total nitrogen. Shewan (/oc. cit.) has stated the N.P.N. to be about 
9 to 14% of the total nitrogen in the case of gaddoids, flat fishes, etc., and 
16 to 18% in the herring group. The N.P.N. content of the Indian marine 
fishes examined is comparatively low. The N.P.N. constitutes about 4 to 4 
of the total water-soluble nitrogen in the teleosts, about 3} in the elasmo- 
branchs, about 3/5 in the crustaceans and 4/5 in the molluscs. 


The free a-amino acid nitrogen in the teleosts is only about 6% of the 
N.P.N. while in the invertebrates it accounts for over 40% of the N.P.N. 
The presence of free amino acids in significant quantities in the crustacean 
muscle probably renders it more susceptible to bacterial invasion resulting 
in the lower potential keeping quality of the crustaceans compared with 
teleost fishes. The amount of amino acid nitrogen in extractives and its 
ratio to the total extractive nitrogen was found to be related to the flavour 
of the tuna meat and relatively higher proportion of diamino acids was 
associated with good flavour.5 An examination of the different amino acids 
present in the free condition in the muscle appears to be necessary. 


High levels of free amino acids are found in the molluscs as well as in 
the crustaceans (Table I). On the other hand in the sea turtle, a represen- 





Non-Protein Nitrogen in Some Marine Fishes and Invertebrates 205 


tative of a different order of vertebrates besides the fishes, the level of free 
amino acids is of the same order as in the fishes. The data adduced here 
supports the view expressed by the authors in an earlier communication® 
that high levels of free amino acids are probably characteristic of the inver- 
tebrate muscle. The free amino acid nitrogen content of the elasmobranchs 
is about 2 to 3 times as much as in the teleosts and this accords well with 
the intermediate position of the elasmobranchs as between the teleosts and 
invertebrates. 


While the urine of fishes contains only a small quantity of amino acid 
nitrogen, 14° of the nitrogen excreted by invertebrates has been found to 
be amino acid nitrogen.” Presumably the prevalence of high levels of amino 
acid nitrogen in their muscle is related to the high levels of the amino acid 
nitrogen in the excretions of the invertebrates. The observations recorded 
here lend support to Baldwin’s view’ that the invertebrate is less efficient 
than the vertebrate in metabolising amino acids. Whether the free amino 
acids present in the invertebrate muscle play any significant role in its physio- 
logy needs to be examined. 


The volatile base nitrogen is below 20 mg. per 100 g. of the wet muscle 
in the fishes, molluscs and in the crustaceans excepting the prawns. The 
quantity of volatile base nitrogen ranges from 9-7 to 23-6 mg. per 100g. 
of wet muscle. The volatile base nitrogen in fresh fish muscle is mainly 
ammonia which has its origin in the deamination of the muscle adenylic 
acid, a reaction which is associated with muscular work and also with pro- 
cesses leading to the denaturation of the muscle proteins. Hence though 
the total volatile nitrogen content is not considered to be a sensitive index 
of fish spoilage unlike the trimethylamine, mainly on account of the wide 
variation in its concentration in the fresh fish muscle, its significance needs 
a critical examination. 


The trimethylamine oxide content varies widely in the different fishes 
(Table II). The values are low compared with those of the related species 
from the west coast described by Venkataraman and Chari,’ the difference 
being particularly noticeable in the elasmobranchs and in the prawns. 
Since the species examined in their investigations were different from those 
used in our studies the observed differences are either specific or/and are 
telated to other factors such as the environmental differences, etc. Shewan 
(loc. cit.) has cited considerable differences in the trimethylamine oxide 
content of identical species from the Atlantic and Pacific oceans respectively. 
The trimethylamine oxide content of different fishes is of special significance 
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TABLE II 


Trimethylamine oxide content of the fresh muscle of some mariné animals 
(The values are expressed as mg. nitrogen per 100g. of wet muscle) 





Name of Fish 


Trimethyl 


amine 
oxide 
nitrogen 


Trimethyl amine oxide 
values as reported 
for allied species 
on the west coast 
(see Ref. No. 8) 





COANAUNARWNe 


—_ 


Elasmobranchs 
Scoliodon sp. 
Chiloscyllium griseum 
Sphyrna malleus 
Trygon microps 
Trygon urnak 
Trygon imbricata 
Myliobatis maculata .. 
Rhynchobatus djeddensis 
Teleosts 
Pampus argenteus 


Mugil sp. 
Chirocentrus dorab 
Cypsilurus sp. 
Sardinella albella 


Athlennes hians - 
Scomberomorus commersonii .. 
Platophrys pantherina 
Cynoglossus bengalensis 
Saurida tumbil 
Sillago sihama 
Synagris japonicus 
Lethrinus cinereus 
Caranx leptolepis 
Gerres sp. 
Mulloides flavolineatus 
Arius sona .. 
Scatophagus argus 
Crustacea 
Panulirus dasypus 
Penaeus indicus 
Penaus monodon 
Metapenaus affinis 
Neptunus pelagicus 
Neptunus pelagicus 


Mollusca 


Sepioteuthis arctipinnis > 
Mesodesma glabratum (muscle 
only) 
Ostrea cucullata (whole contents 
of shell) .. : 
Reptilia 
Chelone imbricata 


43-06 
28°15 
36-43 
36°11 
54-59 
20-57 
40-00 
54°84 
53-92 
39 -82 
51-04 
35-75 
33°11 


111-30 
19-60 
18-20 
23-80 

54°13 

56°91 

82-94 

55°51 

33-12 


5:21 


$$$ 


}239 4, Carcharias laticaudys, 
245-0, Zygana blochii. 


159-6, Rhinoptera sp. 


65-8, Stromateus cinereus 
68-2, Stromateus niger. 
38-5, Mugil eur. 

65-8, Chirocentrus dorab 


30-2, Sardinella longiceps 
43-4, Clupea lile 

49-0, Sardinella fimbriata 
39-2, Hilsa kanagurta 


38-6, Cynoglossus semifasciatus 
77-4, Serranus diacanthus 
17-8, Arius dussumieri 


74-2, Trachypeneus aspar 
114-8, Parapeneopsis stylifera 
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in the application of the trimethylamine test for assessing the extent of spoil- 
age in sea fish. 


The sea turtle, the only reptile examined in the present study, has the 
lowest trimethylamine oxide nitrogen content among the marine animals 
included in the present investigation. 


SUMMARY 


The distribution of non-protein nitrogen in some marine fishes, crustacea 
and molluscs was studied. The non-protein nitrogen constituted about 
10% of the total nitrogen in the teleosts, 20% in the crustaceans and molluscs 
and over 30% in the elasmobranchs. High levels of free a-amino acid nitro- 
gen (300 mg. N/100 g. of wet muscle) were found in the crustaceans and 
molluscs unlike in the fishes (20 to 40 mg. N/100g. of wet muscle). The 
trimethylamine oxide content varied greatly in the fishes, etc. The signi- 
ficance of these results from the comparative aspect and in fish processing 
is discussed. 
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INTRODUCTION 


THE interesting genus Jse@tes is represented in India by four species. J/setes 
coromandelina (amphibious) which occurs abundantly on the east coast of 
peninsular India (Ekambaram and Venkatanathan, 1935, p. 194), the Upper 
Gangetic Plain (Bharadwaja, 1935, p. 300), Bombay Presidency (McCann, 
1934), and Bengal (Griffith, 1849, p. 572; Prain, 1905, p. 327). The sporo- 
genesis of this species was worked out by Ekambaram and Venkatanathan 
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(loc. cit.) and they have also given a good summary of the previous work done 
on this genus. 


Mahabale (1938, p.62) described briefly another species of IJsetes 
under the name J. Sahyadriensis from the Sahyadri Hills in South India. 
Shende (1942, p.50) described another amphibious species of Jsetes, 
I. Dixiti from Panchagani in the Bombay Presidency. 


L. N. Rao (1944, p. 286) gave a brief description of yet another species 
of Isetes, I. Sampathkumarani from Bangalore, South India. 


Gaekwad and Deshmukh (1954, p. 457) have recorded the occurrence 
of an unidentified species of Isetes in Gujarat. 


Some material of Jsetes Sampathkumarani collected by Professor 
L. N. Rao was very kindly made over to the author for detailed investigation. 
Some more fresh material of this species was also collected for me again by 
Professor L. N. Rao and subsequently by Dr. Razi and recently by Dr. A. R. 
Rao. To all of them I wish to express my grateful thanks. 


In the present paper the vegetative parts of the plant are described. 


The reproductive parts and sporogenesis and embryology will be described 
in another part. 


MATERIAL AND METHODS 


The material was fixed in 90% Formal Acetic Alcohol. In the inves- 
tigation of the material acetocarmine, light green, fast green, orange G, 
hemotoxylin and safranin were used for staining. The rhizomorph did 
not offer any difficulty in sectioning because it is soft and particularly so 
since it was already preserved long enough in formal acetic alcohol. Serial 
sections in paraffin were cut 12 to 25 in thickness. Schiilzes macerating 
fluid was also used for the study of cuticular features. 


The plants are submerged or immersed according to Prof. L. N. Rao, 
and are on the average 5-8cm. long, slender and herbaceous (Photo 1). 
But some of the plants recently collected are nearly 10cm. long. They are 
on the whole shorter than Isetes coromandelina. It was also noticed that 
the plants are not strictly aquatic. Many of them grow on the margin of 
the water but away from it. The species may therefore be considered as 
amphibious. The corms are generally deeply 2-lobed and the leaves are 
about 9-5cm. long and about 1-29 to 25cm. in thickness. Prof. Rao 
(1944, p.287) has already given a brief description of the general 
morphological characters of the species and also its habitat. According to 
him the plant grows in shallow depressions in granite rocks associated 
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with Eriocaulon, Myriophyllum and Ilysanthes. The only locality from which 
the species has so far been reported is from Lalbagh garden in Bangalore, 


As stated by Prof. L. N..Rao only megasporangia have been found in 
this species of Isoetes. No microsporangia or loose microspores have been 
found in spite of intensive search. It is likely that the microsporangia are 
produced at an entirely different season and for a very brief period so that 
it has escaped notice. This happens in some species of Isoetes (Pfeiffer, 
1922, p. 88). 


RHIZOMORPH 
Morphology 


A distinctive feature of this species of Isoetes is its two-lobed rhizomorph 
(Photo 2) as reported by Prof. L. N. Rao (1944, p. 287). I have however 
found an adult specimen with 3 lobes (Photo 3) and another with 4 lobes 
(Photo 4). In four or five plants, one lobe of the rhizomorph is suppressed 
and the other is 3-lobed (Text-Fig. 1 and Photos 5 & 6). I think this is an 
accidental feature and of no special significance. The rhizomorph develops the 
2-lobed condition in very young plants at even one- or two-leaved stage. 


The rhizomorph is short -8cm. thick by -35 cm. high. J. Sampath- 
kumarani is the only Indian species that has 2-lobed rhizomorphs. The 2- or 
3-lobed condition can be derived from a 4-lobed condition by the suppression 
of one or two dichotomies of the rhizomorph. A 2-lobed rhizomorph is 
normally found in J. triquetrum, I. lacustris, I. echinospora and others (see 
Baker, 1,887, pp. 124-25). Some of these species like J. echinospora show both 
2- and 3-lobed rhizomorphs as in J. Sampathkumarani. As in other species the 
roots are borne mostly between the 2 lobes of the rhizomorph (Text-Figs. 2-4). 


Anatomy 


Vertical longitudinal sections.—Vertical longitudinal sections in the plane 
of the lobes (Text-Figs. 2-5) show the sloughing outer layers (s/./.) of the 
rhizomorph. They also show some of the root traces (r.t.) passing through 
the lobes of the rhizomorph and the leaf traces (/.t.) produced from the axis 
stele (ax.). Text-Fig. 2 shows a tangential section of the rhizomorph in 
the plane of the lobes. It shows the roots transversely cut between the lobes 
and the root traces cut in the lobes themselves. Photos 7 and 8 are 
medium longitudinal sections of the rhizomorph showing the stele and also 
the apical regions. The leaves and their young ligules (/. & /ig.) are clearly 
seen in the photograph. The stele is cylindrical, but dilated at the basal 
part. An interesting feature is that the stele is somewhat compact, proto- 
stelic in the apical region (x.), while it is loose towards the base (Photos 7 
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& 8). Since this feature is found in almost all the slides that I have, I think 
itis a normal feature of the species. It does not however seem to have been 
noticed in other species by other workers. The leaf traces (/.t.) are broad 
and come off almost at right angles (Photo 7) from the denser part of the 
stele and curve very broadly upward. The root traces (r.t.) are narrow and 
come out in numbers from the basal part (Photo 7). There is a short clear 
region where there are neither root traces nor leaf traces. This may be inter- 
preted perhaps as a short hypocotyledonary part. Photos 9 and 10 also 
show longitudinal sections of the rhizomorph. In Photo 9 and Text-Fig. 6 
the peripheral part of the stele is seen, the cortex with its large cells (cortex) 
is also clear. Between the above tissues occurs a layer or two of Cambium 
(Camb.) and a tissue which may be phloem (ph.) or what is generally regarded 
as a part of the prismatic (pr.t.) tissue. This tissue is more clearly seen 
highly magnified in Photo 10. 


Photo 11 and Text-Figs. 7-9 illustrate vertical sections of the rhizo- 
morph at right angles to the plane of the lobes, and parallel to the furrow 
in a 2-lobed specimen. The stele here (Photo 11 and Text-Fig. 7) appears 
short with its basal part drawn out into a double anchor-like structure, as 
recorded in various other species (Eames, 1936, p. 54; Smith, 1938, p. 209; 
McLean & Ivimey-Cook, 1951, p. 595). This shows further that the basal 
part of the rhizomorph is drawn up into the double anchor in a plane at 
right angles to the plane of the two lobes. Text-Figs. 8 and 9 show a lobe 
cut beyond the stele. The root traces (r.t.), leaf traces (/.t.) and the descend- 
ing roots (r.) are also seen clearly. 


Transverse sections.—Photo 12 is a transverse section of the upper 
part of the rhizomorph where the xylem (xy.) is more compact. There is 
not much of parenchyma and the xylem occupies the entire stelar region 
although in a very disordered way. The leaf traces (/.t.) can be seen in 
sections to be made up of at the most, 4 to 5 tracheids. Photo 13 and 
Text-Fig. 10 show transverse sections through the middle of the axis where 
the xylem (xy.) becomes lacunar with air-spaces (a.sp.), scattered xylem and 
parenchyma (par.). The stele here can perhaps be described as a kind of 
mixed protostele. The cambium is 2 or 3 cells deep (Photo 14). Photo 
15 and Text-Fig. 11 show transverse sections at the base of the rhizomorph 
passing obliquely along the line a-a indicated in Photo 11 cutting the double 
anchor at the tip on the right side and in the middle on the left side. The 
central part of the stele shows only parenchyma. 


In the longitudinal as well as transverse sections of the rhizomorph 
(see Photos 7 to 15) there is not clearly visible any tissue that could be 
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designated as phloem. There is no evidence of clearly recognizable sieve tubés 
or sieve plates. Between the xylem and cambium there is a tissue which 
is generally regarded as the prismatic tissue and even interpreted by some 
as phloem. I do not know how far it is justifiable to call this tissue as the 
phloem particularly in the absence of sieve tubes. In my preparations a 
part of this tissue—that part adjoining the xylem—shows slightly horizon. 
tally elongated cells which take up a parenchyma stain and contain large 
nuclei and dense protoplasmic contents (? ph. in Text-Fig. 6 and Photos 
10 and 14). This tissue is in continuation with a similar tissue in the leaf 
trace as in Isetes lacustris (Mclean & Ivimey-Cook, 1951, p. 593). Perhaps 
this tissue may be regarded as a kind of phloem and the remaining part of 
the tissue may be considered as the prismatic tissue. After this tissue, on 
the outer side, there are regular radially arranged parenchymatous cells 
(Photo 10) some of which are definitely the cambium (Camb., Photo 10). It 
might be pointed out here that in J. echinospora and Isetes Engelmanni 
(Smith, R. W., 1900, p. 227) and also in J. lacustris (Farmer, 1890, p. 42) no 
clearly recognizable phloem has been found. 


The cortex is wide and made up of isodiametric cells and consists of 
an inner zone of smaller cells heavily loaded with starch and an outer layer 
of larger empty cells (Text-Fig. 13). In the cortical tissue clear intercellular 
spaces are found. 

ROOT 


Morphology 


The roots are borne, as already stated, on the region between the lobes 
of the rhizomorph as in other species of Isetes] (Photos 5 & 6 and Text- 
Fig. 2). No roots are seen coming out of the underside of the rhizomorph 
lobe. The roots generally measure about 4 cm. long and -643 mm. broad, are 
covered by dense unicellular hairs and are generally unbranched except at 
the tips where they are frequently dichotomously branched (Photos 5 and 6). 
Sometimes as in Text-Fig. 12, they may be repeatedly dichotomising. 


Anatomy 


The root traces come off in large numbers or in bundles from the basal 
part of the short axis (Photos 7 and 8). These root traces are narrower 
than the leaf traces and dichotomise only in the cortex (Photo 7). The root 
trace is made up of spiral and annular elements as seen in longitudinal 
sections (Photo 16). In transverse sections (Photo 17) the root shows a 
narrow stele, eccentrically placed and connected with the cortex by means 
of a short parenchymatous bridge. The cortex is formed of three or four 
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layers of cells and the cells are isodiametric and without any starch. The 
stele is separated from the cortex by an air-space which varies in breadth 
in different roots. The stele is surrounded by some parenchyma which is 
evidently cortical in nature. The endodermis (end., Photo 18) is made up 
of large cells and is clearly recognized by its casparian strips. The phloem 
surrounds the xylem all round except at the protoxylem point. In some 
roots the phloem is concentrated on the side nearest to the air-space (Photo 18) 
as is the case in J. hystrix (Scott & Hill, 1900, p. 438). The phloem is 
poorly developed and no clear sieve plates are seen. The pericycle too is 
not very clear or complete. The xylem as noticed in longitudinal sections 
shows spiral and annular thickenings (Photo 16). 


LEAF 
Morphology 


The leaves are upto 9-5cm. long and 1-25mm. broad, cylindrical, 
with an acute tip which in older leaves turns brown in colour. The basal 
part of the leaf is comparatively colourless being free from chlorophyll as 
in J. hystrix (Scott & Hill, 1900, p. 434). The phyllotaxis is roughly spiral 
(Text-Fig. 14). The basal-winged part of the leaf partly overlaps the next 
younger leaf and is itself overlapped by that of an older leaf. The cuticle 
shows epidermal cells with straight walls (Photo 19) and stomata appear 
to be of the haplocheil type. The surrounding epidermal cells form the 
subsidiary cells of the stoma. Stomata are absent on the lower half of the 
leaf and are present only in the upper half. The number and frequency 
of the stomata increase from the base of the upper half towards the apex 
of the leaf. The stomata occur in four strips. Each strip is opposite an 
air canal and contains roughly two rows of stomata, alternating with each 
other but with all stomata directed in the same way. The stoma reaches 
a maximum dimension of 75:46u x 43-48. The guard cells measure 
14-6 broad and the aperture 40°58 x 14-5y. 


Each leaf bears as usual a ligule sunk into the ligular pit just above the 
sporangium (see Photo 20). The velum covers the basal part of the ligule 
and is known as labium. It also covers the sporangium partially (Photo 21). 
The ligule (Photo 22) is flat and thin. It is several cells thick in the middle 
and thins out towards the periphery. The cells of the ligule are of three kings 
(Text-Fig. 15 and Photo 23), peripheral cells (h.c.) with dense protoplasmic 
contents from which the multicellular and unicellular hairs (h.) arise; irregu- 
larly-shaped empty cells (e.c.) underlying these ; and more or less isodiametric 
angular cells in the centre with some protoplasmic contents. The shape of the 
ligule varies; it may be triangular (Text-Fig. 16), cordate (Text-Fig. 17), ~. 





Text-Fics. 13-22 
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irregularly lobed (Text-Fig. 18) or with a bifid apex (Text-Fig. 19) or broadly 
elliptic (Text-Fig. 20) and roughly 3-lobed (Text-Fig. 21). The margin of the 
ligule is irregularly serrate and is drawn into multicellular hairs (Text-Fig. 15 


and Photos 22 and 23) which arise from irregularly-shaped cells with dense 
protoplasmic contents. 


Anatomy 


The anatomy of the leaf in general is similar to that of other species. 
At the very base, the leaf in transverse sections shows wing-like expansions 
(W., Photo 24) and large air-spaces with narrow parenchymatous strands 
separating them. The leaf traces come off from the compact portion of 
the stele (Photos 7 and 11). It is the peripheral tracheids of the stele that 
seem to pass off into the leaf trace (Photo 12). In the cortex they pass almost 
horizontally and consist of nearly twenty or more tracheids—mostly with 
annular and spiral thickenings, but often with reticulate thickenings also. 
No clear phloem is visible although a few small elongated cells with dense 
protoplasmic contents are seen occurring on the two sides of the xylem. This 
may be phloem (ph., Photo 25). In transverse sections also two patches of 
small cells may be seen on the outer side of the xylem (ph., Photo 26). These 
two patches may be the phloem. 


Almost all the leaves are potentially sporophyllous but some sterile 
leaves without sporangia were also observed. A transverse section of a 
young leaf at the base, below the sporangium (even when it exists) shows 
(Photo 27) a collateral vascular bundle with a number of xylem elements 
forming two or three disconnected strands. In these strands some narrow 
elements occur in the middle with larger elements on both sides, a seemingly 


mesarch condition as is the case in J. lacustris (McLean & Ivimey-Cook, 
1951, p. 599). 


A transverse section of the leaf taken between the top of the sporangium 
and the base of the ligular pit shows (Photo 28) that the vascular strand is 
now reduced to 3 or 4 tracheids (tr.). The phloem is not very clear. In 
the section can be seen the tracheidal cells (tr.c.) with scalariform thicken- 
ings—regarded by some as “ transfusion-tissue”. These cells further mag- 
nified in Photo 29 are not connected in any way with the leaf trace. This 
condition also obtains in /. lacustris (Mclean & Ivimey-Cook, 1951, p. 600) 
and J. hystrix (Scott & Hill, 1900, p. 434) and also in J. echinospora and 
I. Engelmanni (Wilson Smith, 1900, p. 242). A little higher up, a transverse 
section of the leaf shows the vascular elements still further reduced to al- 
most a single centrally placed tracheid (tr.) sorrounded by a ring of paren- 
chymatous cells (Photo 30) as in /setes echinospora (Smith, R. W., 1900, 
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ly p. 232). No phloem is clearly seen, but the smaller cells (ph.) with proto- 
e plasmic contents seen on either side of the vascular strand may perhaps be 
5 ‘the phloem. Photo 31 is a transverse section of a young leaf towards the 
2 tip where the lacunar tissue closes up, the parenchyma increases and the 


stomata are also present. Photo 32 shows a similar transverse section at 
the extreme tip where the lacunar tissue is replaced by parenchymatous cells. 
A few stomata may occasionally be seen here too. 


In older leaves (Photos 33 and 34) the leaf trace consists of nearly twenty 
tracheids, sometimes arranged in a plate (Photo 33, better seen in Photo 34), 
probably because of compression against the growing sporangium. Beyond 
the sporangium the tracheids may increase in number and assume a ring- 
like form. Still higher up the tracheids gradually decrease in number until 
towards the tip, the leaf supply consists of only 2 or 3 tracheids (Photo 35). 
The lacunar tissue also develops clearly only beyond the level of the 
glossopodium of the ligule. The phloem of the leaf trace too becomes clear 
only beyond the glossopodium and is represented by only two patches of 
small-sized cells (see Photo 26) without any clear sieve plates, as in J. /acus- 
tris and I. velata (Farmer, 1890, p. 48). In I. Engelmanni and I. echinospora 
also (Smith, R. W., 1900, p. 232) two patches of phloem are found, one on 
either side of the leaf trace. Photo 35 shows a transverse section of the 
leaf near the apical region showing the four well-defined air-spaces, which 
have decreased in width. The rows of stomata opposite to them and the 
centrally placed stele with 2 or 3 tracheids (tr.) can be seen. The 
phloem at this level is poor in quantity and arranged in two patches of 
2 or 3 cells each, one on either side of the xylem. It might be noticed 
that the septe separating the air-spaces from each other are at least 4 or 5 
cells wide while in the basal part (Photo 24) they are only 1 or 2 cells wide. 
The leaf is flat in transverse section at the base, broadly elliptic in the middle 
and somewhat circular (Photo 31) towards the tip. 





In longitudinal sections (Photo 20) the vascular supply arising from 
the stem stele remains undivided and gradually reduces itself in quantity 
as it ascends into the leaf. The air-spaces, as already stated, become well 
defined beyond the glossopodium level. The glossopodium (g/., Photo 21 
and Text-Fig. 14) or the ‘basal part of the ligule sunk into the ligular pit is 
a Massive tissue which appears as though it is made up of two parts or lobes, 
when a transverse section is cut at its apical region (Photo 36). In the basal 
part (Text-Fig. 14) the glossopodium appears as a single tissue. It is made 
up of large empty cells surrounded by a single endodermal layer with clear 
casparian strips (Csp., Photo 37). The ligular pit is bordered on the one 
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side (Photo 20) by the leaf and on the other by the labium, the lower part 
of which extends over the sporangium as the velum. The tissue of this 
velum and labium as also its basal part is made up of large empty cells, 
The ligule which is itself several cells thick at the base, gradually thins out 
and at the extreme tip it is only one cell thick. The diaphragms in the leaf 
occur at regular intervals but may be lacking on one side (Photo 1), 


It was found in some leaves that amongst the layer of cells lining the 
air-space in the leaf, there occur a few cells generally in a fixed position (see 
c in Text-Fig. 22 and Photo 35). They are sometimes absent but generally 
present in one or more of the air-spaces. They number 2 or 3 and have 
clear hyaline cell walls, often with dense protoplasmic contents. Their 
exact nature could not be ascertained. They are, however, very different 
from certain cells, which occur adjacent to the air cavity in Isoetes lacustre 
L. (Johanna Liebig, 1931, p. 336, Fig. 4), where they are called the dia- 
phragm cells. So far as noticed by me no peripheral strands were found 
in the leaves. 


SUMMARY 


A detailed morphological and anatomical study of the vegetative parts 
of Iscetes Sampathkumarani Rao, L. N. is made. This species was described 
in 1944 by Prof. L. N. Rao from the Lalbagh Garden in Bangalore—the 
only locality where it has been so far observed to grow. The rhizomorph 
in this amphibious species is normally 2-lobed although 3 or 4 lobes 
occasionally occur. The axis stele is very short and, as in other species, 
consists mostly of a disorderly mass of xylem and parenchyma. The upper 
part of the stele is comparatively densely packed with xylem while the lower 
is lacunar and mixed with parenchyma. The stele in the rhizomorph is in 
the form of a double anchor which occupies a plane at right angle to the 
plane of the lobes. There are no clear sieve tubes or sieve plates and 
consequently no clearly recognizable phloem—although a tissue which is 
closely approximated to the xylem in the leaf and rhizomorph is interpreted 
as a possible phloem tissue. 


The roots as in other species arise from the sides of the furrow on the 
rhizomorph and contain a single undivided root-trace eccentrically placed 
and attached to the cortex by a parenchymatous bridge only on one side. 
The leaves which are hardly 10 cm. long and about a couple of mm. thick 
contain a single vascular bundle which at the very base is a thin plate of 
fifteen to twenty tracheids. These become gradually reduced in quantity 
at the higher levels of the leaf, until at the tip there are only two or three 
tracheids. A few tracheidal cells unconnected to the leaf trace occur below 
the glossopodium of the ligule. Stomata are of the haplocheil type and 
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occur in bands facing the air canals. No peripheral strands or slime canals 
are seen in the leaf. The ligules are of varied forms and are generally several 
cells thick in the middle and become thin towards the margin. Unicellular 
and multicellular hairs come out of marginal cells with dense protoplasmic 
contents. The velum covers the sporangium partially. But for a few 
sterile leaves found rather rarely, all the leaves are megasporophylls. No 
microsporophylls have so far been found, pobably because the two kinds 
of sporophylls are produced at different seasons. 


My grateful thanks are due to Dr. A. R. Rao, under whose guidance 
this work was undertaken and completed. I am also indebted to Prof. 
§. N. Das Gupta for kindly providing me with all laboratory facilities and 
evincing interest in my work. 


This work has been carried out during the tenure of a Government of 
India Scholarship and my thanks are also due to them for this help. I am 
also grateful to Mr. S. K. Nath who took the photomicrographs. I am 
also very grateful to Prof. L. N. Rao, for very kindly communicating this 
paper and also correcting the proofs. 
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EXPLANATION OF TEXT-FIGURES 


TextT-Fics. 1-12. Fig. 1. Transverse section of an abnormal rhizomorph having one lob 
suppressed and the other developed into three smaller lobes. Figs. 2-4. Vertical longitudinal 
sections cut tangentially. Section in Fig. 2 cuts across the furrow, the others pass tangentially 
in the lobes. Fig. 5. Median vertical section through rhizomorph lobes. Fig. 6. Part of a 
vertical loagitudinal section magnified toshow the stelar tissues like the cambium, phloem and 
xylem. Figs. 7-9. Vertical longitudinal sections at right angles to the plane of the rhizomorph 
lobes. Figure 7 is a median vertical section passing through the furrow while Figs. 8 and 9 are 
slightly tangential sections cut beyond the stele. Figs. 10-11. Transverse sections of rhizomorph 
passing ia the middle (Fig. 10), and in the lower part (Fig. 11). Fig. 12. A root showing repeated 
dichotomy at the tip. 


ax., axis stele; camb., cambium; f., furrow; i.c., inner cortex; /., leaf; It., leaf trace; o.c., 
outer cortex; ph., phloem; r., root; r.t., root trace; s/./., sloughing layer; xy., xylem. 


All figures are camera lucida sketches and are magnified 7-5 times except Fig. 6 which is magni- 
fied 390 times. 


Text-Fics. 13-22. Fig. 13. Transverse section of rhizomorph showing clearly the two layers 
of the cortex; the inner one richly loaded with starch, x 180. Fig. 14. Transverse sections of the 
entral part of an old plant. The overlapping of the leaves, their vascular bundles, sporangia, glosso- 
podium, tracheidal tissue and ligule are shown, x 45. Fig. 15. Peripheral part of the ligule showing 
the unicellular and multicellular hairs, coming out of the cells with dense protoplasmic contents 
and the underlying empty cells. Figs. 16-21. Ligules of varied shapes; triangular. Fig. 16. cordate. 
Fig. 17. irregularly lobed. Figs. 18-19. bifid apex. Fig. 20. broadly elliptic, and three-lobed. 
Fig. 21. Note the irregularly dentate margin of the ligule, all x45. Fig. 22.. Transverse section of 
an old leaf nearer the apex. The two cells marked c. are the peculiar cells referred to in the text, 
x 87-5. 


a.sp., ait-space; c., pecular cells; e.c., empty cells; g/., glossopodium. A., hair; h.c., hair cells; 
lig., ligule; sp., sporangium; st., stoma; fr.t., tracheal tissue; v.b., vascular bundle. 
EXPLANATION OF PHOTOGRAPHS 
PLaTE XII 
Isetes Sampathkumarani 


PHoro 1. Entire plant showing the 2-lobed rhizomorph and cylindrical leaves in which 
diaphragms can be seen. 
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puoro 2. The lower side of the 2-lobed rhizomorph with some roots still attached, the 
furrow separating the rhizomorph lobes is in the middle. 


Pooto 3. A 3-lobed rhizomorph as seen from below. 
pooro 4. A 4-lobed rhizomorph as seen from below. 


Puotos 5-6. Abnormal specimens showing rhizomorphs (rh.) with one lobe (left) suppressed 
and the other one (right) 3-lobed, in both, thé bifurcation of the roots at the tip 
can be seen. 


PHoro 7. Median vertical longitudinal section passing at right angles to the lobes of the 
rhizomorph; camb., cambium; /., leaf; lig., ligule; /.t., leaf trace; r.t., root trace; 
st. stele. At the region indicated by x the xylem is compact. 


PHoro 8. The stele in the above photograph magnified; camb., cambium; /.t., leaf trace; x., 
compact stele. ' 


PHoro 9. A part of the above stele magnified to show the camb., cambium; pr.t., prismatic 
tissue; and xy., xylem. 


PLATE XIII 


Puoto 10. Part of a longitudinal section of the stele enlarged to show the cambium. camb., 
ph., phloem, pr.t., prismatic tissue and xy., xylem. 


Puoto 11. Vertical section of the rhizomorph passing in the plane.of the furrow. The stele can 
be seen in the form of a double anchor in the plane of the furrow itself. A section 
passing along the line a-a in the photograph would present an appearance as seen in 
Photo 15. i.t., leaf trace; r.t., root trace; st., stele. 


Pxoro 12. Transverse section of the upper part of the rhizomorph showing only the stelar 
part where the xylem is compact and gives off leaf traces /.t. 


Puoto 13. Transverse section through the middle of the rhizomorph showing the lacunar stele; 
a@.sp., ait-space; cx., cortex; camb., cambium; /.t., leaf trace; par., parenchyma; 
pr.t., prismatic tissue; xy., xylem. 


Potro 14. Part of the section seen in Photo 13 photographed on a large scale to show the 
different tissues. a-sp., air-space; camb., cambium; /.t., leaf trace; par., paren- 
chyma; ph.. phloem; pr.t., prismatic tissue; xy., xylem. 


PLATE XIV 


Puoro 15. Transverse section of the rhizomorph in the basal part passing obliquely along the 
line a-a indicated in Photo 11. cx., cortex; par., parenchyma; r.t., roct trace; xy., 
xylem. 


Puoro 16. Part of a vertical section of the rhizomorph showing a root trace cut longitudinally ; 
the thickenings of the tracheids and the phloem (ph.) which is generally more on 
one side (see Photo 18) are seen. 


Puoto 17. Transverse section of a root showing the large air-space and the eccentric stele 
attached to the cortex on one side. 


Puoto 18. The stele of the above root magnified; end., endodermis; ph., phloem. 


Epidermal peeling of leaf showing epidermal cells and two stomata. 
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Puoto 20. 


PuHorTo 21. 
PuHoTo 22. 


PHoTO 23. 


PuHoto 24. 


Puorto 25. 


PuHoro 26. 


PHoTo 27. 


PHOTO 28. 


PuHoTo 29. 
Puoro 30. 


PHoTo 31. 


PuHorto 32. 


PxHoto 33. 


PuoTto 34. 


Puoro 35. 


PHoto 36. 


PHoTo 37. 
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PLATE XV 


Longitudinal section of a sporophyll. a., air-space; gi., glossopodium; /ab.., labium; 
lig., ligule; sp., sporangium; spr., spore; tr., trabecula; tr.t., tracheal tissue; vel,, 
velum; v.b., vascular bundle. 


Basal part of a sporophyll. gi., glossopodium; /ig., ligule; sp., sporangium; vel. 
velum; v.b., vascular bundle. 

An entire ligule. 

Peripheral part of another ligule enlarged to show the different kinds of cells seen; 


the hairs, the peripheral cells from which they arise, irregularly-shaped empty cells 
below these, and the underlying isodiametric cells (see Text-Fig. 15). 


Transverse section of an old leaf near the basal part above the level of the 
sporangium; a.sp., air-space; epi., epidermis; p.str., parenchymatous strand; st., 
stele; w., wing. 


PLaTE XVI 
Leaf trace magnified to show the spiral, annular and scalariform thickenings of the 
tracheids and the tissue that might be phloom, ph. 


Transverse section of an old leaf near the basal part above the level of the sporangium 
showing the stele. ph., phloem. 


Transverse section of a young leaf at the base, the stele showing a large number of 
tracheids formfng three disconnected strands. 


Transverse section of leaf taken between the top of the sporangium and the base of 
the ligular pit. ¢r., tracheids of the leaf trace reduced to just four; tr.c., tracheidal 
cells. 


Tracheidal cells seen in the above section enlarged. 
Transverse section a little higher than the section photographed in Photo 28, 
showing a single centrally placed tracheid, tr., and phloem, ph. 
PLaTe XVII 
Transverse section of a young leaf towards the top, showing the stele. a.sp., air-space 
and st., stoma. 


Transverse section of a young leaf at the extreme tip showing no air-spaces nor stele, 
a single stoma, st., can be seen. 


Transverse section of a sporophyll passing through the sporangium; sp., m.spr. 
megaspore; trb., trabecula; ve/., velum and v.b., vascular bundle. 


The vascular bundle seen in the above section magnified to show the plate of tracheids 
v.b., vascular bundle. 


Transverse section of an old leaf nearer the-apex. a.sp., air space; c., peculiar cells; 
st., stoma; v.b., vascular bundle. 


Transverse section of the central part of an old plant showing the mutually 


overlapping leaves, the sporangium; sp. and gi., the gloss-podium of the ligule; 
v.b., vascular bundle. 


Part of the glossopedium tissue enlarged to show the endodermis, end., with its 
casparian strips, csp. 
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INTRODUCTION 


A CAREFUL study of the living yeast cells from cultures ranging in age from 
24-hour to 12 days revealed that during the process of aging the cells exhibit 
granules and vacuoles and each vacuole develops a membrane delimiting it 
from the cytoplasm. A reversal of these changes could be observed when 
the yeast crop from a 12-day culture is stimulated by transfer to fresh media 
(Aswathanarayana, 1956 5). The vacuoles and granules gradually disappear 
from view and the cytoplasm looks homogeneous under ordinary, phase 
contrast and dark ground illumination. These tentative conclusions were 
drawn by examination of samples of yeast cells from cultures of varying 
ages before and after stimulation with fresh media. 


The question of the permanency of the vacuole is closely interlinked with 
the problem whether all vacuoles have visible limiting membranes. These 
assume an unusual significance in the context of the discussions whether the 
“homogeneous body” of Nageli (= nucleus of the majority of workers) 
is inside or outside the vacuole. 


In the general survey (Aswathanarayana, 1956, b) the standard was 
the population in a culture tube. For a more accurate evaluation, it was 
thought desirable to use single cells as the standard. 


EXPERIMENTAL PROCEDURES 


Considerable difficulties were experienced in following the gradual 
changes in a single cell during the process of aging. To keep a particular 
cell under observation over a period of days, the sides of the coverslip have 
to be sealed with paraffin to prevent the drying up of the medium and the 
movement of the cells. There is always the doubt whether the conditions 
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under the sealed coverslip are the same as in a test-tube. But the major diffi- 


culty is caused by the necessity for a periodic photographic record of the 
changes occurring in the cell. 


For obtaining a micrograph under dark ground illumination the cel] 
has to be kept under an intense beam of light for periods ranging from two 
to three minutes, since the exposure time itself was 20-45 seconds. Repeated 
exposure to such intense illumination results in death precluding the possi- 
bility of following the changes in the same cell over a period of days. 


The usual methods of culture have already been described (Aswatha- 
narayana, 19565). If the spent wash in a 12-day culture is discarded and 
the yeast crop stimulated by the addition of 10 ml. of the medium (Galac- 
tose 2%; Peptone 1%; Yeast extract 0-5%; pH 4-6-4-8) the reversal of 
the changes that occurred during the process of aging for 12 days takes place 
within 90-120 minutes. Since technical difficulties had precluded a study 
of the progressive changes in a single cell over a period of days, the alternative 
approach of following the reversal of these changes on stimulation of the 
12-day crop with fresh medium was adopted in view of the disappearance 
of the vacuoles and grains during the course of 90-120 minutes when the 
experiment is carried out in a test-tube. 


For continuous observation the cell chosen should be stationary. This 
could be achieved easily by sealing the sides of the coverslip with paraffin. 
But such a procedure brought in other problems. The cells do not exhibit 
all the changes observed on stimulation in a test-tube. It became imperative, 
therefore, to irrigate the cells mounted under the coverslip continuously with 
fresh medium. 


The procedure finally adopted after considerable experimentation was 
as follows. A drop containing a few cells was mounted under a }” square 
coverslip and two filter-paper strips of equal dimensions were placed on either 
side to remove the excess of the medium. The irrigation with fresh medium 
was carried out by the addition of fine droplets with a capillary tube to both 
the filter-paper strips. 


The necessity for irrigation naturally implies that movement of the cells 
cannot be prevented completely. But even then a choice was possible. A 
field containing a few cells was focussed and the medium was irrigated from 
both sides of the coverslip. Only those cells which did not show a wide range 
of movement on irrigation were chosen for continuous observations, 
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PHOTOMICROGRAPHY 


A Carl Zeiss Phase Contrast Research Microscope with the green filter 
provided by the manufacturers was used for photography under this type of 
illumination. The dark ground micrographs were taken with a Bausch 
and Lomb Research Microscope using a paraboloid condenser and an x 97 
oil immersion objective having an iris diaphragm. A green filter was used 
for obtaining proper contrast. The photographs were taken with a Leica 
camera using a micro-attachment at one-third the observed magnification 
on 35 mm. Kodak Microfile film. 


Before each experiment, the alignment of the phase rings were checked 
and the uniformity of illumination in phase contrast and ultra-microscopes 
was tested carefully with a mounted preparation of living cells. The expo- 
sure time under phase contrast was only one second. The intense illumina- 
tion necessary for photography under dark ground necessitated a limitation 
of observations to short periods. Prolonged observations produced ini- 
tially a granulation and later a coagulation of the cytoplasm. To overcome 
this difficulty the stage vernier readings were taken with the selected cell in 
the centre and it was moved out of the field after each exposure. 


OBSERVATIONS 


* (a) Under dark ground illumination —An exploratory series of experiments 
indicated the desirability of suspending the yeast cells in the fresh medium 
for 10 minutes in the test-tube itself before mounting them under a coverslip. 
The time given in minutes in the descriptions that follow refers to the interval 
between the transfer of the cells to fresh medium and the time of examination. 


The possibility that the luminous border of the vacuole is a formed mem- 
brane (Aswathanarayana, 1956 a, b) was surmised from the fact that the 
“dancing body” is also luminous. Unlike the vacuolar membrane the 
dancing body could be observed even under ordinary illumination. It is 
difficult to photograph it in living cells owing to its movement inside the 
vacuole. 


Sometimes it is stationary. In Photo 1 it lies apposed to the vacuolar 
boundary. The gradual decrease in the size of the vacuole is illustrated in 
Photos 1, 2 and 3 taken at 10, 30 and 40 minutes of stimulation. The dancing 
body becomes ring-shaped (Photo 2) and then decreases in size (Photo 3). 
Between 30 and 40 minutes a semilunar body puts in its appearance in the 
cytoplasm. Even when the vacuole has completely disappeared from view 
at 60 minutes the luminous bodies which were originally inside and outside 
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the vacuole continue to persist in the cytoplasm though reduced in size 
(Photos 3 and 4). 


Photos 5-10 illustrate the changes in a relatively big cell during a stay of 
75 minutes in the fresh medium. After 10 minutes the vacuole is eccentric 
in position (Photo 5) and between it and the cell wall there is a collection 
of grains. The orientation of these grains gave the impression that they 
are disposed around a body which was invisible under this type of illumina- 
tion. The gradual disappearance of the vacuole could be observed in Photos 
5-10 taken at 10, 25, 40, 50, 60 and 75 minutes respectively. Two grains 
are prominent in Photo 6. In general, however, the luminous structures 
gradually disappear from view (Photos 5-10). 


(b) Under the phase contrast microscope-——The ultra-microscope has 
certain inherent limitations for a study of the behaviour of the vacuole on 
stimulation with fresh medium. The vacuole chosen should have a lumi- 
nous border and the behaviour of the vacuole could be traced only till the 
vacuolar boundary disappears from view. In very favourable instances the 
reduction in size of the vacuole could be followed (Photos 1, 2 and 3) because 
the contents are faintly luminous (Photo 3). The disappearance of the vacuo- 


lar membrane is only the first step in the series of stages prior to the dissolu- 
tion of the vacuole itself. But the utility of the ultra-microscope ceases at 
that stage. It becomes imperative, therefore, to supplement the studies 
under dark ground illumination with observations under phase contrast. 


The general procedure of stimulating the yeast crop of the 12-day culture 
with the fresh medium in the test-tube itself, before mounting a drop under 
a coverslip, was followed. The cells under the coverslip -were periodically 
irrigated with fresh medium till the completion of the observations. 


The majority of the cells in a 12-day culture are univacuolate. The 
vacuoles are generally spherical but their position and size vary from cell to 
cell. 


The changes observed in two adjacent univacuolate cells over a period 
of 100 minutes are illustrated in Photos 11-14. Ten minutes after change of 
medium each of them has a distinct vacuole (Photo 11). A number of small 
grains occur near the vacuole in cell A. In cell B two grains may be seen near 
the cell wall. There is a reduction in the size of the vacuoles when exa- 
mined after 35 minutes. But the decrease is more marked in cell A 
(Photo 12). The increase in the cytoplasmic area concomitant with the de- 
crease in the size of the vacuole continues and at 55 minutes (Photo 13) 
the vacuole is rather small in cell A. The granules lying scattered in the 
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cytoplasm have also become smaller. In Photo 14, taken after 100 minutes 
of stimulation, the vacuole has completely disappeared in cell A. It is seen 
as a small light area in cell B. A few grains still persist in the cytoplasm. 


A small percentage of cells in a 12-day culture are bi- or multi-vacuolate. 
The two vacuoles in the cell A in Photo 15 differ in size as well as shape. 
During a period of 115 minutes the following changes occur. Between 10 
and 30 minutes (Photos 15 and 16) the bigger of the two vacuoles elongates 
and at 65 minutes it appears lobed (Photo 17). Both of them break up into 
a number of smaller vacuoles before dissolution (Photo 18). Some grains 
persist in the cell even after the disappearance of the vacuoles. 


The behaviour of another bivacuolate cell is illustrated in Photos 19-23. 
The spherical vacuoles show a decrease in their size between 10 and 35 minutes 
(Photos 19 and 20). Both of them break up into a number of smaller 
vacuoles giving the cytoplasm an alveolated appearance at 75 minutes 
(Photo 21). The smaller vacuoles undergo gradual dissolution (Photo 22, 
95 minutes) and after 110 minutes the cytoplasm appears homogeneous 
(Photo 23). 


The vacuoles have peculiar shapes in some cells. In Photo 24 the 
elongated vacuole has an irregular contour. A small vacuole is connected 
to it by a canal. The main vacuole divides into two between 25 and 40 
minutes (Photos 24 and 25). The small vacuole could still be seen as a finger- 
like protrusion in Photo 25. It gradually disappears from view (Photo 26). 
The two main vacuoles exhibit a lobed appearance at 65 minutes (Photo 27). 
The bigger of the two gets constricted into two smaller vacuoles between 65 
and 80 minutes (Photos 27 and 28). . After 100 minutes a number of small 
vacuoles occur in the cytoplasm (Photo 29). These become gradually smaller 
as a prelude to dissolution (Photo 30, 120 minutes; Photo 31, 135 minutes) 
and at 155 minutes only few grains are visible in the cytoplasm (Photo 32). 


DISCUSSION 


The complementary observations with the ultra and phase contrast 
microscopes recorded above would confirm the earlier report (Aswatha- 
narayana, 1956 b) that on stimulation of a 12-day culture with fresh medium 
the granules and vacuoles disappear from view leaving the cytoplasm homo- 
geneous. The time taken by the granules and vacuoles for dissolution is 
shorter when the cells are stimulated in a test-tube. One can only surmise 
the possible causes for the longer time necessary to obtain a cell bereft of 
any visible inclusions when it is mounted under a coverslip. 
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The temperature of incubation was shown earlier (Aswathanarayana, 
1956 b) to have an effect on the persistence of the granules in the cytoplasm sti 
long after the vacuoles had disappeared from view. Examination under an th 
intense beam of light may raise the temperature of the medium under the 
coverslip. The pressure of the coverslip and the limited volume of the 
medium under it may be other contributory causes. 


sti 
It is known that dark ground illumination has several limitations. But pl 
it has generally been conceded that it is more sensitive than even phase con- 
trast for the detection of small particles and very thin membranes (Barer, 
1951, p. 53). The ‘dancing body’ could be seen under ordinary illumina- = 
tion even when it is small. Dark ground micrographs 1-4, of a ‘ dancing a 
body ’ inside a vacuole with a luminous border, are presented to substantiate 
the contention that the vacuolar membrane has as real an existence as the ) 
‘dancing body’ itself (Guilliermond, 1941). Ct 
Taking the visibility of the vacuolar membrane as the criterion, a perusal : 
6. of the dark ground micrographs would suggest that (i) not all vacuoles have 
visible limiting membranes; (ii) the membrane becomes visible on the aging 
of the cell and (iii) that it disappears on stimulation with fresh medium. iW 


The gradual but complete disappearance of the vacuole from view illus- 
trated in phase micrographs 11-32 would justify Guilliermond’s (1941) belief 
that the vacuole often originates de novo in yeast. It cannot, therefore, be I 
considered as a permanent cell inclusion even though there are reports 
(Guilliermond, 1941, p. 180; Lindegren, 1949) that the vacuole of the bud 
originates directly from that of the mother cell. 


A knowledge whether the vacuoles:have well formed membranes is essen- 
tial for an evaluation of the action of fixatives on the yeast cell. Life-like 
preservation of vacuoles with membranes is a possibility if it is borne in mind 
that the contours of the living vacuoles may be lobed. On the other hand a 
vacuole lacking a membrane is likely to collapse on fixation (Wager and 
Peniston, 1910). 





To determine exactly whether the ‘homogeneous body’ of Néageli 
(= nucleus of other workers) is inside (Lindegren, Williams and McClary, 
1956) or outside the vacuole (Royan and Subramaniam, 1956; Royan, 
1956 a, b, c; Thyagarajan and Subramaniam, 1957 a, b) a landmark is neces- 
sary. That can only be the vacuolar membrane. A definite opinion regard- 
ing the extra-vacuolar position of the yeast nucleus would be possible only 
in cells with visible vacuolar and nuclear membranes (Royan, 1956 5). 
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Neither the vacuolar membrane nor the vacuole appear to be permanent 
structures. The identification of the vacuole as the nucleus of yeast becomes, 
therefore, problematical. 


SUMMARY 


1. The series of changes prior to the dissolution of the vacuole on 
stimulation with fresh medium has been followed up under dark ground and 
phase contrast in individual yeast cells. 


2. Under dark ground the luminous vacuolar contour disappears from 
view between 35-60 minutes and the cytoplasm appears free of luminous 
structures between 75-120 minutes. 


3. Under phase contrast the vacuole gradually decreases in size and 
often breaks up into a number of smaller ones prior to dissolution. The 
cell appears bereft of any visible inclusions between 100-160 minutes. The 
time taken by the vacuoles and grains to disappear from view is shorter when 
the cells are stimulated in a test-tube. 


4. The impermanence of the vacuole renders its identification as the 
nucleus of yeast problematical. 
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DESCRIPTION OF PHOTOMICROGRAPHS 


PHotos 1-32. The effect of stimulation with fresh medium on cells from 12-day cultures. The 


time given in minutes refers to the duration of stimulation. 


PLate XVIII 


PHotos 1-10. Living cells under dark ground illumination, x ca. 2,700. 


PHotos 1- 4. The changes in a cell observed after 10, 30, 40 and 60 minutes. The vacuole 


gradually decreases in size before disappearance. A dancing bedy is present 
inside the vacuole. 


























PHoros 5-10. Illustrate the changes during a period of 75 minutes. The gradual reduction 
in the size of the vacuole with a thin membrane is seen in Photo 6 (25 minutes) 
and Photo 7 (40 minutes) prior to dissolution (Photo 8, 50 minutes). Atten- 
tion is invited to the gradual disappearance of the luminous cytoplasmic struc- 
tures in Photo 8 (50 minutes), Photo 9 (60 minutes) and Photo 10 (75 minutes). 


Puotos 11-32. Living cells under phase contrast, x ca. 3,100. 


Puotos 11-14. Exemplify the gradual changes in two adjacent cells after 10 (Photo 11), 30 
(Photo 12), 55 (Photo 13) and 100 minutes (Photo 14), respectively. The 
dissolution of the vacuole is complete in cell A. 


PLATE XIX 


PHoTos 15-18. Record the behaviour of a bivacuolate cell during a period of 115 minutes. The 
bigger vacuole of cell A (Photo 15, 15 minutes) elongates (Photo 16, 30 minutes) 


becomes lobed (Photo 17, 65 minutes) and then disappears from view (Photo 18, 
115 minutes). 





PHotos 19-23. Complementary observations on another bivacuolate cell over a period of 110 
minutes. The vacuoles gradually lose their sharp outlines (Photo 19, 10 
minutes; Photo 20, 35 minutes) and break up giving the cytoplasm an alveo- 
lated appearance (Photo 21, 75 minutes; Photo 22, 95 minutes). The cell is 

bereft of any visible inclusions at 110 minutes (Photo 23). 






Puotos 24-32. 





The elongated vacuole having an irregular contour (Photo 24, 25 minutes) divides 
into two (Photo 25, 40 minutes; Photo 26, 50 minutes) and one of them again 
constricts into two smaller vacuoles (Photo 27, 65 minutes; Photo 28, 80 
minutes). The three vacuoles break up still further (Photo 29, 100 minutes) 
before gradual dissolution (Photo 30, 120 minutes; Photo 31, 135 minutes). 
The cytoplasm is almost homogeneous after 155 minutes (Photo 32). 


N 


Vacuole; VM., Vacuolar Membrane; DB., Dancing Body. 
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INTRODUCTION 


THE insectan neurosecretory system comprises the neurosecretory cells of 
the pars intercerebralis of the brain, the axonic bundles proceeding from 
these cells, the corpora cardiaca and the corpora allata. To these may be added 
the hypocerebral ganglion also, which generally is closely associated with 
the corpora cardiaca. In recent years this complex of glandular neurons 
has been shown to possess endocrine functions and the whole system has 
come to be regarded as a complicated endocrine system in the insect. 


Considerable information is available on the anatomy of the neuro- 
secretory system in the different groups of insects (vide reviews by Scharrer 
and Scharrer, 1954a, b). The interrelationships between the parts of the 
system also have been worked out in many cases (Scharrer and Scharrer, 
1954). The corpus allatum, which forms a part of the neurosecretory sys- 
tem, has received attention as early as 1935, and it was immediately 
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recognised as an endocrine centre (Wigglesworth, 1936). Subsequent workers 
on various insects have confirmed the endocrine nature of the gland, which 
originally was considered to be a ganglion, and it is now generally accepted 
that the corpus allatum represents the gland secreting the “‘ juvenile hormone ” 


or the “ metabolic hormone ”’ in insects throughout their life (Wigglesworth, 
1952, 1954). 


A direct relationship between the ovaries and the corpora allata have 
been observed by several workers (Wigglesworth, 1936; Pfieffer, 1939, 
1945; Thomsen, 1942). They have seen that in the female, egg production 
is controlled by the corpora allata and that the removal of the glands results 
in the atrophy of eggs due to failure in yolk-deposition. This condition 
has been reported in Rhodnius by Wigglesworth (1936), Melanoplus by 
Pfieffer (1939), Calliphora by Thomsen (1942), Drosophila by Vogt (1943) 
and Leucophea by Scharrer (1946). Subsequent work by others in other 
groups of insects have substantiated the view (Bodenstein, 1953). 






























The existence of sex hormones in insects has not yet been definitely 
established. But certain indications have been reported which indirectly 
suggest the existence of such humoural agents (vide Scharrer, 1955, 1956) 
though the nature of these results have been interpreted in other ways also, 


Apart from the corpora allata, no other part of the neurosecretory system 
has been systematically investigated from the physiological point of view. 
The brilliant works of Thomsen (1952, 1954) on the neurosecretory cells of 
Calliphora throw considerable light on the functional significance of the 
cells and the interrelationships of the units of the neurosecretory system. 
But probably due to the difficulty in handling such minute clusters of cells 
or due to high mortality rate due to defects in experimentation, no sub- 
stantial subsequent investigations have been reported on the functional 
aspects of these cells. 


While yolk-deposition and consequent ripening of the egg of insects 
have been demonstrated to be under the control of the corpora allata in seve- 
ral insects, the problem of oviposition has not been investigated seriously. 
Dupont-Raabe (1951, 1952) has pointed out that in egg-laying phasmids 
there is an intense secretion in the neurosecretory cells of females in the 
reproductive period. Arvy, Bounhiol and Gabe (1953) have suggested that 
in female Bombyx, secretions from the neurosecretory cells get transported 
along the axons just before oviposition. By transfusion experiments, 
Mokia showed in 1941 (von Buddenbrock, 1950) that blood from fecundated 
Bombyx can induce oviposition in unfertilised females. Luscher and 
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Engelmann (1955) have shown in Leucophea a relationship between the egg 
packet in the uterus and the activity of the corpora allata. 


The present investigation owes its origin to a finding made in 1953 
(Nayar, 1953) that in histological preparations there is a considerable reduc- 
tion of neurosecretory colloids in the cells of the pars intercerebralis of the 
brain soon after oviposition in the common plant bug Jphita limbata Stal. 
This suggested a probable relationship between the neurosecretory matter 
and egg-laying in the insect. An experimental and histophysiological study 
was commenced in May 1956 and the present paper embodies the results 
of the investigations. A preliminary report on the work was presented to 
the Second International Symposium on Neurosecretion held in Lund, 
Sweden, in July 1957 (Nayar, 1957). The paper throws light on the func- 
tional significance of the neurosecretory cells of the brain in oviposition, 
and it forms a part of the investigations on the neurosecretory system of 
Iphita limbata Stal., some aspects of which have already been published 
(Nayar, 19554, b; 19564, b, c). 


MATERIAL AND METHODS 


Nymphs and adults of Iphita limbata Stal. (Hemiptera: Pyrrhocoride) 
were collected from the field in various stages of growth and egg develop- 
ment. They were kept in insectary cages in which they thrived feeding on 
cotton seeds soaked in water, tender shoots and flower-buds of Plumaria 
sp. and raisins. 

When histological examinations were required, the insect was killed 
with chloroform and the brain and associated regions of the endocrine, 
alimentary and nervous systems were dissected out in insect-Ringer and 
immediately fixed in Bouin’s fluid. Sections cut at 5 were stained in 
Gomori’s chrome alum-hematoxylin-phloxine, which gave clear pictures 
of the neurosecretory matter, pathways and nature of the secretions. 


Ovaries of the different stages were dissected out, fixed in Smith’s fluid 
(Pantin, 1948) for 48 hours and were stored in 5% formalin. Sections cut 
at 8 were stained in Heidenhain’s iron alum-hematoxylin. 


Blood transfusions were done by drawing the blood from an amputated 
antenna of the donor insect through the needle of an Agla micrometer 
syringe, and administering measured quantities of it (0-01 ml. or more) 
into the prothrorax of the etherised recipient. The wound produced on the 
prothorax in the process was sealed off with paraffin (m.p. 45° C.). 


Water extracts of ovary were made as follows: The ovary was dissected 
out and after a brief and thorough rinse in distilled water, it was placed in 
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a small tube with 1 ml. of distilled water. This was heated in a water. 
bath for ten minutes near boiling point. After cooling and centrifugation 
at 5,000 r.p.m., for five minutes, the supernatant was used as extract. Egg 
extracts were also prepared in the same manner. 


Transplantation of the neurosecretory cells from the brain was done 
as follows: When the dorsum of the head is removed the brain gets ex- 
posed over the middle of which lies a stout trachea. When that is cut off 
and the envelope of the brain dissected off with a needle, the two clusters 
of neurosecretory cells become visible as bluish white masses (Text-Fig. 1) 


TexT-Fic. 1. Diagram to show the position of the neurosecretory cells of the brain of Iphita 
when the dorsal cranial wall and tracheal trunk are removed. 


under the stereoscopic binocular (x 40). With the aid of a watchmaker’s 
forceps, the two clusters could be removed as one clean limp if the cellular 
masses have been teased around the margin with a sharp needle. The mass 
of cells is placed in a watch-glass containing a few drops of insect-Ringer. 
Transplantation is done into the prothorax of the recipient or host. Ether- 
chloroform has been used as the anesthetic. The anesthetised insect was 
placed flat on a glass plate under the stereoscopic binocular and gently 
pressed and kept in position with plasticine. With a fine lancet a “<<” 
shaped opening is made on the skin of the pronotum. The narrow end 
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flap is lifted up and with a pair of forceps the neurosecretory clusters are 
introduced (Text-Fig. 2) deep into the prothorax. Then the wound is closed 
by leaving the flap down and sealed off with paraffin. Care has to be taken 
to avoid pressing regions of the insect’s body to prevent bleeding, to see 
that the transplants go deep in and do not come out with the limb of the 
forceps or the oozing droplet of blood and to avoid air bubbles getting trap- 
ped in the process of operation. 





TexT-Fic. 2. Drawing showing the method of transplantation of the neurosecretory cells 
by means of a pair of forceps. 


OBSERVATIONS 
Normal Reproductive Cycle 


The newly moulted adult female becomes darkened and gets active 
within a period of about ten to sixty minutes. Generally it takes rest for a 
few hours and then starts to feed. It feeds intermittently. In the course 
of a few days it responds to the approaches of the male and mating starts. 
If left undisturbed this mating generally lasts uninterruptedly for a period 
of about three weeks. It is during this period that the abdomen of the 
female begins to swell up as the eggs inside grow by deposition of yolk. 
Towards the end of this period the female appears ‘fully gravid’ with 
considerably swollen abdomen. 


Oviposition is marked by a conspicuous “ preoviposition behaviour ” 
on the part of the female. With her hindlegs she taps the abdomen and the 
legs of the male repeatedly and at regular, rapid intervals. An occasional 
pulling of the abdomen as if to disengage the male also could be seen. This 
tapping will last from half an hour to three hours. Once the pair separates, 
the female avoids the male, though he may try to copulate again. On the 
approach of the male, the female lies low and makes it impossible for him 
to mount. After separation the female becomes quite restless and begins 

Ba 
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to move about slowly searching the surrounding regions with the tips of the 
lowered antenne. Very frequently the rostrum is projected forwards, and 
towards the later periods the rostrum is more or less continuously kept so, 
A fine droplet of saliva, probably indicative of an excessive salivation, is always 


discernible at the tip of the extended rostrum. The tip of the rostrum is also 
used in reconnoitering the sites. 


This “ preoviposition behaviour” lasts for about two to five hours, 
but the time is highly variable. Towards the end of this phase, the animal 
seeks a tight corner, often with crevices and debris of leaves and twigs and 
begins to lay eggs. During this period there is a rapid vibratile movement 
of the genital plates while the abdomen remains tense and rigid. Pushing 
the abdomen into the crevice, slowly one by one the eggs are laid. The 
number of eggs laid varies, usually it is between 160 and 200. Usually egg- 
laying takes place during night, often towards dawn, but in the laboratory 
oviposition has occurred both during night and at daytime. 


The egg on an average measures 1-45 mm. in length and 1-025 mm. 
in diameter. It belongs to the typical pyrrhocorid type of egg, bearing a 
circle of parallel sided processes representing the micropylar structures at 
the cephalic pole (Southwood, 1956). 

After egg-laying the animal remains quiet for a few hours. After this 
period of rest, the insect gradually begins to get active and it does not try 
to repel the male if it tries to mate. Mating successfully follows and then 
the pair moves about and feeds. This mating lasts for about a week or ten 
days. During this period there is no appreciable swelling of the abdomen. 
Often mating also gets interrupted. This will also ultimately lead to a 
*“‘ preoviposition behaviour” ending in a laying of about 20 to 70 eggs. 
After this second oviposition the female gets lethargic and dies in due course. 


Histophysiological Observations in the Normal Female Cycle 


1. Endocrine system.—The neurosecretory cells are conspicuous struc 
tures in the pars intercerebralis of the brain. In the newly emerged adult 
female, the cells show a generally granulated cytoplasm with developing 
colloids in them. As the animal feeds and becomes active the colloids in- 
crease and the cells assume the characteristic appearance which lasts through- 
out the mating period (Plate XX, A). Most cells are densely filled with dark 
blue colloids which form the neurosecretory matter (Plate XX, B); a few cells 
are seen without them (the B-cells described earlier) (vide Nayar, 1955 a), 
probably representing cells from which the colloids have flown out. 


The relation between the corpus allatum and the ovary is well known 
from the works of several investigators. So an experimental elucidation 
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of its role in Jphita was not attempted. In the newly moulted adult female, 
the corpus allatum measures about 310 in diameter. This gland is connect- 
ed to the neurosecretory system by the allatic nerve which consists of axons 
emanating from the neurosecretory cells of the brain. In the young adult 
which has just emerged, the allatic nerve shows no trace of transport of 
neurosecretory colloids into the gland. After feeding and when mating has 
commenced, the sections of allatic nerve stained in Gomori’s chrome alum- 
hematoxylin-phloxine, show the presence of neurosecretory colloids along 
the axons running into the corpus allatum. Thus, probably stimulated by 
the colloids, the gland becomes active and begins to grow in size. Side by 
side with this is the growing ovary; here growth is by deposition of yolk 
in the eggs. The increase in size of the corpus allatum is directly propor- 
tional to the increase in size of the egg by yolk deposition (Text-Fig. 3). 
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TexT-Fic. 3. Graph showing the relation between the size of the egg (length) and the size 
of the corpus allatum (diameter). The increase in size is directly proportional. 
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In the fully gravid female, the corpus allatum measures on an average about 
910 in diameter and is a conspicuous, tumid, yellowish-brown gland. 
Some details of the cytology of the gland at this stage has already been 
published (Nayar, 19565). Throughout the period of egg-growth there is 


a regular supply of stainable neurosecretory matter to the corpus allatum 
via the allatic nerve (Plate XX, C). 


When the insect starts to show the “ preoviposition behaviour ”’, histo- 
logical pictures appear to change. The allatic nerve shows no visible col- 
loids along the bundle fibres which suggests that neurosecretory supply has 
been withheld. If at this crucial stage sections are examined, stainable 
colloids are seen flowing into the anterior end of the aorta close to the cor- 
pora cardiaca from the neurosecretory axons. It is also possible that matter 
from the corpora cardiaca also will be flowing along with this. The neuro- 
secretory cells of the brain get depleted of the stainable colloids in course 
of time. In the female which has started oviposition, the neurosecretory 
cells of the brain are mostly devoid of the blue colloids. In many instances 
the cytoplasm appears to be a homogeneous, poorly granulated structure 
(Plate XX, D), these granules being generally bluish in Gomori’s stain. In 
other cases the cytoplasm takes up the phloxine component of the stain. 
The axons which cross and traverse the brain to emerge out near the aorta 


also appear as reddish streaks, deprived of the blue-stained colloidal com- 
ponents. 


In the insect which remains inactive after egg-laying, the neurosecretory 
cells show a redevelopment of the colloids as granules. When mating has 


started again, the neurosecretory cells present the earlier picture of copious 
secretory matter in their cytoplasm. 


2. Reproductive system of the female-—Each ovary consists of seven 
ovarioles. In the newly emerged female, the ovary is small and is seen to 
be almost completely enveloped by the ramifications of two large special 
bundles of trachez from the spiracles of the 2nd and 3rd abdominal segments. 
Sections of ovarioles taken one hour after the emergence, show the apical 
part as the best defined region measuring about 700 to 800, in length and 
200 to 210 in diameter. Cells here are numerous and small, measuring 
on an average 15, in diameter. Among these lie larger cells measuring 
on an average 26 in diameter, with vesicular nuclei and finely granulated 
cytoplasm. Most of these show active stages of division. Towards later 
stages these cells redivide and become the ova which migrate down retain- 
ing protoplasmic connections with the clusters of smaller cells. The rest 
of the ovariole follicle is a collapsed tube of about 65, in diameter. 
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When mating has started the follicular tube has become filled with 
eggs, the apical ones retaining connection with the cluster of smaller cells 
at the extreme apex. In the subapical and distal parts of the follicle, the 
eggs get surrounded by follicular cells which take up the nutritive function 
of the egg. Generally eggs over 200, in length are without connections 
to the apical mass; they are nourished by follicular epithelial cells. Towards 
the final stages the follicular cells become characteristically binucleate. 
The nuclei themselves appear granulated. When the egg has reached the 
final size, the follicle appears thin with the paired nuclei lying side by side. 
The binucleated structure is often in an enclosed vesicular space and remain 
as loosely packed structures around the egg (Text-Fig. 4). Soon chorion- 
formation starts. 





Text-Fic. 4. Camera lucida drawing of the wall of the ovary containing an almost fully 
grown egg. CH, chorin; OW, ovarian wall; NC, nurse cells; Y, yolk. 


Soon after egg-laying, when ovaries are sectioned and examined, it will 
be seen that the terminal part of the ovarian follicle and oviduct appear 
collapsed and folded. The lining is raised into folds and kinks and the 
lumen is narrowed. The egg that is only partly developed and most distal 
in the partly evacuated ovariole appears to be in a necrotic condition. 
Masses of clumped coloured granules and disorganised follicular nuclei 
are seen in this egg. The ones lying proximal to this in each ovariole 
however are not adversely affected. 


Besides histological differences in the various structures mentioned 
above, histochemical differences also have been noticed in the gravid female. 
The corpus allatum has been seen to indicate the presence of enzymes in 
the cytoplasm of the syncytial gland especially acid phosphatase and succinic 
dehydrogenase. These two enzymes increase considerably as the gland 
swells up in the gravid female. Of these, succinic dehydrogenase disappears 
almost totally and abruptly as soon as the female separates and egg-laying 
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starts. This fact has been observed by the author (Nayar, 1955 c) earlier 
and it was confirmed later in repeated tests. It is likely that this change in 
enzyme activity reflects some change in the secretory activity of the corpus 
allatum at the critical stage. 


Experimental Investigations 


1. Blood transfusions—The foregoing histological findings suggested 
that there probably would be a relation between oviposition and the neuro- 
secretory system of the insect. It was felt that experimental studies should 
be made to elucidate whether hormonal mechanisms are involved in ovi- 
position. 


The first set of experiments consisted of blood transfusion. Blood, 
drawn from amputated antenne of females, were injected in measured quan- 
tities into the prothorax of experimental insects. 0-05 ml. of blood from 
a female which has just separated has been seen to induce egg-laying in a 
female which has not become fully gravid, in about 1 to 3 hours. Blood 
from laying female and blood from a female just after oviposition can do 
the same; but blood from earlier stages or from female which has restarted 
mating cannot bring this effect. Control injections of distilled water showed 
no effect on the animal. These experiments prove that oviposition is in- 
duced by a blood-borne factor, present in the blood of a female which has 
become “‘ completely gravid” and which has started to show the “ preovi- 
position behaviour”. 


The results of the experiments are given in Table I. 


Histological examinations in these cases showed that the neurosecretory 
cells of the recipients have reacted in a variable manner to the injections 
administered to the insects. In some cases a depletion of neurosecretory 
matter was observed from the cells of the pars intercerebralis. 


2. Injection of ovarian extracts.—Water extracts of ripe ovary, i.e., 
ovary containing full-term eggs were injected into the prothorax of experi- 
mental insects. In nearly gravid females, the injection of 0-1 to 0-2 ml. 
of the extract resulted in prompt oviposition. In these cases, egg-laying 
occurred within a period of 2 to 12 hours after injection. In the early stages 
of egg development in the female, no oviposition occurred. 


This set of experiments, however, yielded interesting features in histo- 
physiology. When the insects were examined in detail, it was seen that the 
ovary showed the characteristic configuration in the forms which laid eggs, 
exhibiting the degeneration of the egg which has grown only to half the size 
(Plate XX, E). In young females the ovary exhibited the same type of eggs 
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TABLE I 






Experiments on blood transfusion in Yphita and their results 















Source of blood or Results produced on the Time under 
injected material recipient after injection observation 


















0-05 ml. distilled water Recipient mating young female. Four days 
Mating continues. No marked 
effect 


















On mating semi-gravid female with Four days 
partly swollen abdomen. Mating 
continues. No marked effect 
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0-05 ml. distilled water On mating gravid female. Mating Four days 
continues. No marked effect 


















0:05: ml. blood from On mating semi-gravid female. Even after 96 hours 
young mating female. Mating continues. No marked 
effect 















0:05 ml. blood from On mating nearly gravid female. Even after 96 hours 
young mating female No marked effect 


















0:05 ml. blood from On mating nearly gravid female. Lays eggs in 1 to 6 
female which has _ Insect restless. Moving irregular. hours after injec- 
started showing “pre- Separates from male and avoids it. tion 
oviposition behaviour” Rostrum extended, seeking sites 

as if for egg-laying. Of the 20 

insects tried, 18 laid eggs 
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On young mating female. Mating Soon after injec- 
interrupted, males are avoided. tion, the reactions 
Shows reactions characteristic of appear. Lasts for 
the preoviposition behaviour. No 3 to 4 hours 


egg-laying 














0-05 ml. of blood as On semi-gravid female, which is Within 1 to 5 hours 
above mating. Shows  preoviposition after injection 
behaviour. Some laid small-sized 


eggs 




















On nearly gravid, mating female. Laid within 1 to 3 
Results positive. Laid eggs. hours. 


0-05 ml. of blood from 
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0:05 ml. of blood from On nearly gravid mating female. Laid within 1 to 3 
female which has just Results positive. Laid eggs hours 
finished oviposition 

















0-05 ml. of blood from On nearly gravid female. Also Even after 96 hours 
female which has re-_ earlier stages. No marked effect 
started mating and the recipient remains normal 









244 K. K. NAYAR 


in necrosis. The histological picture of the neurosecretory system was 
significant. The neurosecretory cells were depleted of their blue stainable 
material (Plate XX, F) and the allatic nerve to the corpus allatum was without 
neurosecretory colloids. This is a picture which resembles that of the laying 
ordinary female. It is indicative of a probable direct influence of the ovarian 
extract on the neurosecretory system. 


Water extracts of extruded eggs and eggs that were being extruded 
showed no effects on oviposition. 


> 


These experiments and observations suggest that the ovary containing 
the ripe eggs liberates some substance, an ‘“‘ Ovarian Hormone” into the 
blood of the animal. Each ovariole is then with a number of ripe eggs, and 
smaller growing eggs apically. This hormone could be extracted in water 
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TextT-Fic. 5.. Diagram to show the probable interrelationships between the endocrine organs 
and the ovary and the mode of action of the “hormones” concerned in oviposition in Iphita. 
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and is heat-stable. When administered into the body of a female, it prob- 
ably initiates a liberation of neurosecretory matter from the neurosecretory 
cells into blood and a cutting off of the same to the corpus allatum. The 
latter is responsible for the failure of further development of eggs which 
are growing at the apical region as it interrupts the activity of the corpus 
allatum and thereby interferes with the deposition of yolk. In the normal 
insect laying eggs this results in the degeneration of eggs just proximal to 
the ripe series of eggs; this is also what happens when the “* ovarian hormone ” 
is injected into the female. The interactions of the ovary and the neuro- 
secretory system in the reproductive cycle of the female is given in the dia- 
gram (Text-Fig. 5). 


3. Effect of transplantation of neurosecretory cells—The above experi- 
ments have roughly indicated that a removal of stainable neurosecretory 
matter into the blood occurs at the time of egg-laying. To test the role of 
neurosecretory cells on oviposition, two clusters of the same from two 
adults which were mating and normal (i.e., not gravid), were transplanted 
into the prothorax through a narrow window. The results of this experi- 
ment was indeed striking. In nearly gravid female, it induced immediate 
oviposition. The genital plates began to quiver and vibrate, and in 5 to 15 
minutes egg-laying started. Histological examination showed that these 
insects suffered no loss of their own neurosecretory content from the cells 
of the pars intercerebralis. In younger recipients, no egg-laying occurred, 
but they also exhibited quivering of the genital plates and the general ten- 
dencies of the “ preoviposition behaviour”. 


DISCUSSION 


In insects, reproductive processes are controlled by several endocrine 
centres. Among these centres, the influence of corpora allata on the female 
gonad, is the best known. It has been found in several insects that the 
maturation of the eggs and functional activities of certain accessory glands 
depend on the hormone released by the corpora allata. Removal of cor- 
pora allata has been seen to prevent yolk-deposition in the developing eggs 
of Melanoplus (Pfieffer, 1939, 1945), of Rhodnius (Wigglesworth, 1936), of 
Calliphora (Thomsen, 1942), of beetles (Joly, 1945) and of Leucophea 
(Scharrer, 1946). Recently Johansson (1954, 1955) has shown in Oncopeltus 
and Leucophea, that in starved females with immature ovaries, egg develop- 
ment could be induced by transplantation of corpora allata from fed donors. 
It is now generally agreed that the normal development of the eggs in the 
female is directly dependent on the regular production of the hormone from 
the corpora allata. 
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The discovery that the corpus allatum represents a part of the neuro- 
secretory system of the insect has shifted the emphasis to an integrated 
neuroendocrine system regulating the activities of the animal. Investiga- 
tions on the histophysiology have revealed that the corpora allata are 
directly connected to the neurosecretory cells of the pars intercerebralis of 
the brain through fibres which comprise the allatic nerves. That this is so 
has been shown in phasmids by Dupont-Raabe (1951, 1952), in Bombyx 
by Arvy, Bounhiol and Gabe (1953), in the blowfly Calliphora by Thomsen 
(1954) and in Jphita by the author (Nayar, 1956 a, 6). Further in her ex- 
periments, Thomsen (1952) has earlier shown that extirpation of the medial 
region of the brain containing the neurosecretory cells prevents maturation 
of eggs, while reimplantation of the cells promotes the same. Thus the 
gonad-stimulating substances have been described to originate from the 
brain and act via the corpora allata in the blowflies. No other experimental 
investigation has been done by others to completely corroborate this view. 
The histological findings, reported in this paper, substantiates the essential 
point presented by Thomsen. It is the neurosecretory supply to the corpus 
allatum that keeps the latter active and promotes its activity to guide and 
complete the deposition of yolk. When growth is completed, yolk pro- 
duction stops probably because the neurosecretory supply to the gland gets 
cut off. 


Some authors have already noticed the depletion of stainable matter 
from the neurosecretory cells of the brain when the female starts laying eggs. 
In egg-laying phasmids, Dupont-Raabe (1951, 1952) has observed an intense 
secretion in the neurosecretory cells in the reproductive period; Arvy, 
Bounhiol and Gabe (1953) stated that in female Bombyx, secretions from 
the neurosecretory cells get transported along the axons of the cells just 
before oviposition; and the author (Nayar, 1953) has observed that soon 
after egg-laying the neurosecretory cells are depleted in Jphita. It is further 
pointed out in this paper that this depletion starts when the insect commences 
to exhibit the “ preoviposition behaviour” and that laying female is also 
with very little stainable matter in the cells of the pars intercerebralis. This 
secretory matter actually escapes into the blood. 


The “ preoviposition behaviour” is a characteristic one exhibited by 
a gravid insect. It consists of drumming with hindlegs, erection of rostrum 


and salivation, avoidance of male and searching of sites with feelers. Vaidya 


(1956) has recently drawn attention to a drumming behaviour in egg-laying 
butterfly Papilio, which however appears to be somewhat different. He 
doubts whether the drumming and accompanying fluttering of wings indi- 
cate momentary uneasiness and pain. 
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The present report has shown that blood from insects which show 
preoviposition behaviour, from laying females and from females which have 
just finished laying, when transfused into nearly gravid females can induce 
oviposition. It is interesting to recall the experiments of Mokia done on 
Bombyx in 1941 (von Buddenbrock, 1950) where he showed that blood 
drawn from a fertilised female can induce egg-laying in unfertilised females 
within a short time. 


No direct evidence has yet been reported on the existence of sex hor- 
mones in insects (Scharrer, 1955). Recently Altmann (1950, 1952) showed 
that extracts from ovaries of queen bees when injected into the body of 
worker bees resulted in the latter developing functional ovaries producing 
eggs. But whether this substance may be classified as a sex hormone is 
open to doubt because extracts from other organs of the queen bee like the 
corpora allata, etc., also have been found to promote ovarian growth in 
workers. In the present paper, however, the ovarian wall has been shown 
to produce a substance which when it enters blood brings about neurosecretory 
release and oviposition. This indicates that the ripe ovary is producing a 
specific substance calling forth specific reactions on certain organs. 


That the ripe ovary has an inhibitory effect on the hypertrophied corpus 
allatum of Drosophila has been noted by Vogt (1941). Luscher and Engel- 
mann (1955) have shown in Leucophea that the function of the corpora 
allata is steered by the brain and the egg-packet in the uterus. While the 
corpora allata are needed for egg production, the presence of an egg-packet 
in the uterus of this cockroach inhibits the activity of the glands. In Jphita, 
a somewhat similar inhibition of the activity of the corpus allatum is prob- 
ably taking place when the ovary gets filled with ripe eggs and the “ ovarian 
hormone ’”’ gets released into the blood of the insect. 


That changes in the enzyme concentration of tissues occur under the 
influence of hormones is fairly well known. In the enlarging corpus allatum 
initiating yolk-deposition, there is a progressive increase of acid phosphatase 
and succinic dehydrogenase. But there is an abrupt fall and disappearance 
of succinic dehydrogenase in the corpus allatum of the female which starts 
to lay. Meyer and McShan (1950) have shown that cestrogens exert an 
inhibitory effect on oxidative enzymes in vivo as well as in vitro. 


Koller (1954) has indicated in his paper that the oviducal contractions 
in Carausius increase by the addition of extracts of brain. Similarly Enders 
(1955) has also found an increase in the rhythmicity of the oviduct in vitro 
of Carausius following the administration of extracts of brain and corpora 
cardiaca. This is significant in the light of facts presented in this paper, 
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because here in Iphita the neurosecretory cells have been shown to induce 
expulsion of eggs from the ovarian follicle of the nearly gravid female. 


The problem of parturition in mammals is one which has received 
considerable attention. The hormone called oxytocin gets released in the 
female mammal as a result of distension of different parts of the reproduc. 
tive tracts like uterus, vagina and the like exciting the hypothalamus, and 
also during coition and during suckling (Harris, 1955). As the neural part 
of the pituitary and the hypothalamus are closely interlinked through neuro- 
secretory pathways, several authors believe that the posterior lobe hormones 
originate from the neurosecretory clusters of the hypothalamus (Scharrer 
and Scharrer, 19545). All the same, a conclusive proof of the necessity 
of hypophysis in course of norma! labour is still needed (Harris, 1955). 
The exact mechanism of parturition in mammals is still not known and it 
is believed that it is the result of a complex of factors (Marshall and Moir, 
1952). 


In Iphita, however, it is not merely the distension of the ovarian follicles 
with ripe eggs that brings about oviposition; but it is possible that such 
a conditon contributes towards the laying of eggs by releasing the “ ovarian 
substance” into blood eliciting a chain reaction from the neurosecretory 
system. 


SUMMARY 


On the basis of histological and experimental studies involving blood 
transfusions, injection of ovarian extracts, and transplantation of neuro- 
secretory cells, it is concluded that there is an endocrine basis for oviposi- 
tion in the insect Iphita limbata Stal. (Pyrrhocoride: Hemiptera), a common 
plant bug of South India. Oviposition is brought about in the gravid female 
by a hormone-complex involving the interaction between the ovary and the 


neurosecretory system. It is tentatively postulated that it probably works 
out as follows: 


Stainable neurosecretory matter from the cells of the pars intercere- 
bralis of the brain passes along the axons of the allatic nerve to the corpus 
allatum. This stimulates the gland which consequently begins to enlarge 
and initiates egg-growth by deposition of yolk. When eggs become full 
grown and ripe, i.e., when the animal becomes gravid, the ovarian wall releases 
a substance into the blood which may be presumed to exert a dual action 
on the neurosecretory system. Evidences show that the supply of visible, 
stainable, neurosecretory colloids to the corpus allatum is reduced or inhi- 
bited, which may result in an inactivation of the gland and stops further 
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elaboration of yolk in the eggs. At the same time, the blood-borne factor 
influences the cells of the pars intercerebralis to release their colloids into 
blood. This release of neurosecretory matter may have a role in inducing 
oviposition by promoting oviducal contractions. 
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EXPLANATION OF PLATE XX 


Fic. A. Sagittal section through the pars inter cerebralis of a nearly gravid female Jphita show- 


ing the neurosecretory cells coloured black. Bouin’s, Gomori’s chrome alum-hzma- 
toxylin-phloxine; Approx., x 180. 


Fic. B. A neurosecretory cell of a mating, nearly gravid female showing the dense cytoplasmic 


mass Of stainable colloids. Bouin’s, Gomori’s chrome alum-hematoxylin-phloxine, 
x 1,200. 


Fic. C. Section to show the allatic nerve (AL) entering the corpus allatum (CA). In the nerve 


are neurosecretory colloids (MA) flowing into the corpus allatum. Bouin’s fluid; 
Gomori’s chrome alum-hematoxylin-phloxine. About, x 400. 
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Fic. D. Transverse section of the brain passing through the region of the pars intercerebralis 
of a female which has just started oviposition. The neurosecretory cells are depleted 
of their stainable colloids. The cytoplasm appears to be homogeneous. Bouin’s, 
Gomori’s chrome alum-hematoxylin-phloxine, 700. 


Fic. E. The degenerating egg of the follicle from a female into which an aqueous extract of the 
ripe ovary has been injected. Smith’s, Heidenhain’s iron-hematoxylin, x 125. 


Fic. F. Transverse section through the brain of a mating female injected with ovarian extract. 
The neurosecretory cells have lost the stainable colloids and some appear reddish 
(phloxinophilic). Bouin’s, Gomori’s chrome alum-hematoxylin-phloxine, x 480. 
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I. INTRODUCTION 


Cajanus cajan (Linn.) Millsp. commonly called as pigeon pea is cultivated 
in India as one of the important food crops. In pigeon pea there are annual 
and perennial forms and both of these forms are highly susceptible to wilt 
caused by Fusarium udum (Butler, 1910). From the work so far in progress 
in the Bombay State, it has not been possible to obtain a completely wilt- 
resistant type, either by direct selection or intervarietal hybridization of the 
cultivated forms. 


Atylosia lineata, W. & A., commonly called the wild or ran tur, is a wild 
prototype of C.cajan. It is distinguished from C. cajan by the presence 
of arilate seeds bearing large, conspicuous, divided strophiole. When this 
was tested under heavy artificial infection, it was found to be highly resis- 
tant to fusarium wilt. 


To take advantage of this factor, a cross between C. cajan (Linn.) Millsp. 
and A. lineata, W. & A. was made to combine the wilt-resistant character 
of the latter with all the other desirable characters of the former. In this 
paper is discussed the cytological behaviour of such an interspecific hybrid, 
the parents involved and of the further hybrid generations. 


Basudeo Roy (1933) was the first to report the chromosome number 
of C.cajan as n= 11, while the detailed cytological observations of its 
meiosis were made by Rangaswamy and Krishnaswamy (1935). The cyto- 
logical investigation of the two parents A. lineata and C. cajan and of the 
F, hybrid were first begun by Deodikar and Thakar, who in 1956 have 
published the details of the cyto-taxonomy and chromosome morphology 
of the parents. 


1 Economic Botanist to Government of Bombay and Principal, College of Agriculture, Poona. 
2 Assistant Cytologist, Botany Section, College of Agriculture, Poona. 
3 Assistant Professor of Botany, College of Agriculture, Poona. 
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II. MATERIAL AND METHOD 


The present investigations were started in 1954 in continuation of the 
work begun by Deodikar and Thakar on the plant material of Cajanus cajan 
(Linn.) Millsp., Atylosia lineata, W. & A. and the F, hybrid of a cross bet- 
ween them that were then growing in the experimental area of the Economic 
Botanist to Government of Bombay at the College of Agriculture, Poona. 
The strain of C. cajan used in the hybridization programme was the selec- 
tion M-4—N made by Kumar and Gadre, the seed of which was obtained 
from the Superintendent, Agricultural School, Arbhavi, in May 1951. 
The seed of A. lineata was collected by Deodikar from Mahabaleshwar 
hills situated at 3,500’ altitude. 


The root tips of the parents and hybrid were fixed for 24 hours in Craf’s 
A and B, washed in running water, dehydrated, cleared in ethyl-butyl alcohol 
series, infiltrated and embedded in paraffin. The sections were cut of 10 
to 12 thickness and were stained in Flemming’s modified triple stain for 
24 hours (Johansen, 1940). For study of meiosis, the flower-buds were 
fixed in Craf’s A and B solutions for six hours. Newton’s iodine-gentian 
violet (Johansen, 1940) was found to give well-stained preparations. 


Pollen grains were tested for their contents by using one per cent. 
aqueous iodine solution and for their functional behaviour, they were 
germinated in sugar-agar media (Johansen, 1940). 


III. CHROMOSOME NUMBER AND MORPHOLOGY 


1. C. cajan—The somatic number of 22 chromosomes determined 
agrees with the findings of previous workers. The chromosomes at prophase 
appeared long and well spread out and a pair of SAT-chromosomes was 
seen attached to the nucleolus. At metaphase the chromosomes were well 
stained and sufficiently long to observe the details regarding the length of 
their arms and the position of the constrictions (Fig. 1). The morphological 
details of the chromosomes are given in Table I. 


In Table I, the C. cajan complement is grouped into three classes: 


(i) The longest pair of chromosomes has a secondary constriction placed 
in the sub-terminal position. 


(ii) Of the three classes, Class Cl includes three pairs of chromosomes 
which are longer than 4-0 microns and have sub-median constrictions. 
Class C2 includes three pairs of chromosomes 3-6 microns in length. Out 
of these two pairs have sub-terminal and one sub-median primary constric- 
tion. The rest of the five pairs of chromosomes of Class C3 are between 
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TABLE I 


Morphology of the somatic chromosome complement of Cajanus 
cajan (Linn.) Millsp. 











Position of constriction Total 
Class Length of arms Total number of 
Primary Secondary in microns length chromo- 

somes 
Cl SM ST 2-1+2-4+0-5* 5-0 2 
SM * 2-14+2-4 4-5 2 
SM 2:2+1°8 4-0 2 
C2 SM 2:0+1-6 3-6 2 
ST 2-7--0-9 3-6 2 
ST 2:5+1-0 3-5 2 
C3 SM ja 1-6+-1-3 2:9 2 
SM es 1-3+1-1 2-4 4 
M 1-15+1-15 2:3 4 





* Length of satellite. 
Total number of chromosomes = 22. 
Total length of complement = 73-0 microns. 
Average diameter = 0°45 micron. 
M = Median; SM = Sub-median; ST = Sub-terminal. 


2:3 and 2-9 microns in total length, with three pairs having sub-median 
and two pairs having median primary constrictions. 


(iii) The total length of the whole complement is 73-0 microns with 
mean diameter of 0-45 microns. 


The idiogram representing the diploid compelement of C. cajan is given 
in Fig. 2. 

2. A. lineata.—The diploid complement was found to be 22 which 
agrees with the number reported by previous workers. 


The prophase chromosomes were well spread out in the nucleus and 
a pair of SAT-chromosomes was seen attached to the nucleolus. The 
morphological details of the chromosomes as observed at metaphase (Fig. 3) 
are given in Table II. 


It will be seen from Table II that: 


(i) As in the case of the C. cajan so in A. lineata there is a long pair of 
chromosomes having secondary constriction at sub-terminal position. 
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TABLE II 


Morphology of the somatic chromosome complement of 
Atylosia lineata 











Position of constriction Total 
Class Length of arms Total number of 
Primary Secondary in microns length chromo- 
somes 
Al SM ST 2-5+1-8+0-5* 4-8 2 
Mi ee 2:2+2:2 4-4 2 
SM - 2-1+1-7 3°8 2 
SM et 1-9+1°5 3°4 2 
A2 M - 1-7+1-7 3-4 2 
SM ‘ie 1-7+1-5 3-2 2 
A3 SM Ka 1-6+1-0 2°6 4 
SM - 1-3+-1-1 2°4 4 
M 1-2+1-2 2°4 2 








| 


* Length of satellite. 
Total number of chromosomes = 22. 
Total length of complement = 70-8 microns. 
Average diameter = 0-45 micron. 
M = Median; SM = Sub-median; ST = Sub-terminal. 


(ii) The chromosome complement of A. lineata consists of three classes, 
the class Al includes in all four pairs, all having length between 3-4 to 4-8 
microns, three of which have sub-median and one median primary constric- 
tion. The class A2 includes two pairs of chromosomes between 3:2 to 3-4 
microns, one with sub-median and the other with median primary constric- 
tions. The class A3 includes in all five pairs, four of which have sub-median 
and one median primary constriction, with length between 2-4 to 2-6 microns. 


(iii) The total length of the chromosome complement is 70-8 microns 
with average diameter of 0-45 micron. 


In Fig. 4 is given the idiogram of the chromosome complement of 
A. lineata. 


3. F, (C. cajan x A. lineata).—The cytological studies of the hybrid 
of C. cajan x A. lineata have been made for the first time. The chromosome 
complement in the somatic tissue was 2” = 22 (Fig. 5). The haploid chromo- 
Some set of each parent is present in the F,. 
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At mitotic prophase a long chromosome pair was attached to the nucleo- 
lus. The details of the chromosome morphology are given in Table III, 
The idiogram of the chromosome complement of F, (C. cajan x A. lineata) 
is given in Fig. 6. 


TABLE III 


Morphology of the somatic chromosome complement of 
F, (C. cajan x A. lineata) 





Position of constriction Length of arms 
Pair No. in microns Total length 
Primary Secondary 








—s 


SM ST 2°4+2-0+0-5* 
SM ST 2°2+2-1+0-5* 
SM os 2°3+2-0 

M - 2°2+2°1 

SM ee 2°2+1: 
SM ee 2-1+1- 
SM ee 2-1+1: 
SM oe 1-9+1- 
ST . 2°6+1- 
SM oe 1-8+1- 
ST os 2°5+1:- 
SM ve *8+1- 
SM -6+1- 
SM -6-+1- 
SM -3-+1- 
SM -3+1- 
SM -341- 
SM -3+1- 
SM -3+1- 
M -341- 
M -24+1- 
M -14+1- 


—_— 


2 
3 
4 
5 
6 
7 
8 
9 
0 
4 
l 


PFAPFAFAPFAFAFAFIAFIAFIAFKNFENA 


WNNKYKHKKNKVKNKNWWWWWWWHAEDAA 
WAARRARRARDORANHRRADOWWOO 


ee es se ee ee 





* Length of satellite. 
Total number of chromosomes = 22. 
Total length of chromosomes = 71-7 microns. 
Average diameter = 0-45 micron. 
M = Median; SM = Sub-median; ST = Sub-terminal; C= Cajan; A=Atylosia. 


Unlike the parents C. cajan and A. lineata the pairs of chromosomes 
in the hybrid were heteromorphic as will be seen from columns 4 and 5 
of Table III. The first pair has secondary constrictions but the individual 
lengths of the two chromosomes differ, nevertheless, the position of the 
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centromere is sub-median and that of the secondary constriction is sub- 
terminal. 


Chromosome pairs 3, 4 and 7 differ in length but the position of the 
primary constriction is sub-median. The chromosomes of pairs 8, 9 and 
11 have equal length and are identical both for the total lengths and the 
positions of primary constrictions. The pairs 2, 5, 6 and 10 do not appear 
to show much difference in the total length, but the position of the centro- 
mere differs within each pair as shown in column 2 of Table III. 


The total length of the chromosome complement of the F, is 71-7 microns 
which is different from that of the two parents and lies midway between 
the two complements as it should. 


TV. MICROSPOROGENESIS 


1. C. cajan—In this, the stages after diakinesis were studied. At 
diakinesis the chromosomes had formed bivalents and the chiasma had 
terminalised. There were eleven bivalents spread out and were lying nearer 
to the nuclear membrane. A nucleolus was seen with two chromosomes 
attached to it (Fig. 7). These correspond to the pair of SAT-chromosomes 
seen in the somatic cells. 


Metaphase-I showed 11 pairs of chromosomes (Figs. 8 and 9). 100 
p.m.c.’s showing metaphase in polar and side-view were studied. There 
were no major irregularities observed except the occurrence of precocious 
chromosomes. In six per cent. of the cases showing side-view of metaphase-I, 
the precocious chromosomes were observed (Fig. 10). The other stages 
in meiosis were normal. The gametic number of chromosomes observed 
was eleven. 


2. A. lineata—At diakinesis, the chromosomes were forming biva- 
lents and were held together by the terminalising chiasmata. A pair of 
SAT-chromosomes was attached to the nucleolus (Fig. 11). 


At metaphase-I, polar as well as side-views showed the presence of 11 
bivalents (Fig. 12). The chromosome separation at anaphase and further 
stages in meiosis was normal. It was found that the haploid complement 
was ll. 


3. F,(C. cajan x A. lineata)—At diakinesis the chromosome though 
in bivalent condition were very much shortened with the terminalised chiasma. 
30 nucleii showing diakinesis were studied and except for one, the others 
showed that chromosomes were formed into eleven pairs (Fig. 13). In one 
there were 9 bivalents and a multivalent with four chromosomes (Fig. 14) 
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The chromosomes were well spread out along the nuclear wall with one pair 
attached to the nucleolus. It was, however, interesting to note that at dia- 
kinesis six to seven peculiar rod-like configurations of bivalents were observed 
in each nucleus which were not observed in either parent. The common 
type of configuration observed in both the parents, in the case of bivalents 
at diakinesis, was in the form of dark circles thus indicating that the total 
chiasma in each parental nucleus was more than that in F,. The chiasma 
were formed in both the arms. The rod-like configurations indicated that 
the bivalent chromosomes were held by the chiasma formed in only one arm 
and as no chiasma was formed in the other arm, which would therefore be 
free. In the case of the bivalents that formed circles they would be held to- 
gether by chiasma at both the ends so that the arms would not be free. At 
metaphase-I, the paired bivalents were observed in the polar and side-views, 


In the polar view as well as in the side-view the difference in the size of the 
bivalents could be seen (Figs. 15 and 16). 


In all 70 cells showing metaphase-I were studied in the F,. Out of these 
67 showed 11 bivalents. The remaining 3 showed 9 bivalents and a multi- 
valent consisting of four chromosomes (Fig. 17). 


50 cells at anaphase-I were studied, out of which 48 showed normal 
separation of bivalents and the remaining two showed the normal separa- 
tion of 10 bivalents with the 11th bivalent forming a bridge with a fragment 
(Fig. 18). 


The stages of meiosis-II did not present any abnormalities. 


VY. POLLEN GERMINATION AND SEED SETTING 


The percentage of seed setting from the flowers produced by the parents 
and the F, were studied. The parents C. cajan, A. lineata and their F, 
showed 81, 60 and 30 as the percentages of seed set. Similarly the pollens 
of all these plants were germinated on sugar-agar media (Johansen, 1940) 


and the parents C. cajan, A. lineata and the F, gave 79, 66 and 51 per cent. 
pollen germination respectively. 


From the information given above it will be seen that the F, has a very 
low percentage of normal seed setting and also of germination pollen. 


VI. Discussion 


1. Chromosome number and morphology.—Basudeo Roy (1933), Ranga- 
swamy and Krishnaswamy (1935) and Deodikar and Thakar (1956) have 
reported the chromosome number of C. cajan as 2n = 22, This number 
has been confirmed in these investigations, 
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Deodikar and Thakar were the first to report the somatic number of 
A. lineata as 2n = 22. In the investigations presented here this number 
has also been eonfirmed. 


The cytological studies in the F, hybrid of C. cajan x A. lineata are 
reported for the first time and the chromosome complement in the somatic 
tissue represents the haploid complement of each of the two parents and 
therefore 2n = 22. 


Deodikar and Thakar have given the details of chromosome morphology 
of the C. cajan and A. lineata. Their observations on chromosome length 
and position of primary and secondary constrictions differs from the results 
obtained during this study. The total chromosome length observed by 
Deodikar and Thakar and the authors in C. cajan does not show a great 
difference, which is 2-4 microns whereas this difference in A. lineata is 
much greater being 11-6 microns. The position of the primary constric- 
tions of the chromosomes of C. cajan and A. lineata, as reported by Deodikar 
and Thakar, are different to those observed by the present investigators. 


Both the differences in the length of the chromosome complement and 
the position of the centromere may possibly be due to the varietal character- 
istics, differences in the technique and the stages at which observations were 
made. The other significant point to be noted is that Deodikar and Thakar 
have not recorded even a single pair of chromosome of A. /ineata having 
secondary constrictions whereas in the investigations presented here, a pair 
of chromosomes having sub-terminal secondary constrictions has been 
observed. It is likely that Deodikar and Thakar were not able to report 
the presence of the secondary constrictions in the chromosome complement 
of A. lineata because they did not examine the correct stage of meiosis and 
mitosis. 


The somatic chromosome complement of the F, consists of two haploid 
sets one derived from the parent C. cajan and the other from A. lineata. 
The morphological characters of these two haploid sets of the F, are not 
different from those of the two parents from which they are derived. 


The morphology of the chromosome complement of C. cajan is 
different from that of A. lineata. These differences observed between the 
complements of the two parents have been maintained in the F, as evident 
from tke heteromorphic character of each pair. 


VIl. RELATIONSHIP OF THE Two SPECIES: C. cajan AND A. lineata 


Stebbins (1945) has reviewed the investigations on the interspecific and 
ntergeneric hybrids with slight irregularities of meiosis and has also 
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discussed the possible causes of sterility in such hybrids. He seems to con- 
clude that in such cases structural differences in the chromosomes are res- 
ponsible for sterility in the hybrids. Muntzing (1938) studied certain crosses 
in Galeopsis and observed partial sterility in their species hybrids. He also 
explained the partial sterility on the basis of the structural hybridity involv- 
ing small chromosomal segments. The F, of the cross C. cajan x A, 
lineata reported in this paper has shown partial abortion of the seed and 
rather low pollen germination. This partial sterility in this hybrid may 
be due to the structural differences in the chromosome complements of the 
two parents, as suggested by Stebbins and Muntzing. Certain amount of 
evidence in favour of this structural differences in the two chromosome sets 
in the hybrid is supported by the presence of quadrivalents and bridges with 
fragments observed during the reduction division. 


The mitotic and the meiotic studies of the two parents C. cajan, 
A. lineata and their hybrid indicate that the two species are closely related and 
as suggested by Deodikar and Thakar their taxonomic classification could 
be revised on the basis of the cytological information presented in this paper. 


VIII. SUMMARY 


An intergeneric hybrid between C. cajan (Linn.) Millsp. (2n = 22) x 
A. lineata, W. & A. (2n = 22) was obtained. The morphology of the soma- 
tic chromosomes of the parents and the F, was studied. It was observed 
that there was difference in the chromosome morphology of the two species. 
Some meiotic irregularities were observed in the F, which showed only 
partial fertility. It is suggested that the sterility of F, is due to the struc- 
tural differences in the chromosome of the two parents. The homology 
between the chromosome complements of the two parents suggests close 
relationship between them. 
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EXPLANATION OF PLATES 
PLATE XXI 
Somatic complement and idiogramatic representation of chromosomes in C. cajan, A. lineata 
and their F,. 
( Fic. 1. Somatic chromosome complement of C. cajan, x3,000. 
Fic. Idiogram of the somatic complement of C. cajan. 


Fic. Somatic chromosome complement of A. lineata, x 3,000. 


Fic. Somatic chromosome complement of F, of C. cajanx A. lineata, x 3,000. 


2 
3 
Fic. 4. Idiogram of somatic complement of A. lineata. 
5 
6. Idiogram of somatic complement of F, of C. cajan and A. lineata. 


Fic. 
PLATE XXII 
Microsporogensis in C. cajan, A. lineata and their F,. (Drawing reduced to 4 original.) 


C. cajan 


Fic. 7. Diakinesis showing 11 bivalents with one pair attached to nucleolus, 3,000. 
Fic. 8. Polar view of Metaphase-I, x 3,000. 
Fic. 9. Side-view of Metaphase-I, 3,000. 


Fic. 10. Side-view of Metaphase-I showing precocious separation of a pair of chromosomes to 
each pole, x 3,000. 


A. lineata 
Fic. 11. Diakinesis showing 11 bivalents with one pair attached to nucleolus, x 3,000. 
Fic. 12. Polar view of Metaphase-I, x 3,000. 
F,, of C. cajan x A. lineata 


Diakinesis showing 11 bivalents with one pair attached to nucleolus, x 3,000, 
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Fic. 
Fic. 
Fic. 
Fic. 
Fic. 


18, 
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Diakinesis showing bivalents and a quadrivalent, x 3,000. 
Polar view of Metaphase-I, x 3,000. A 
Side-view of Metaphase-I, 3,000. 

Side-view of Metaphase-I showing bivalents and 1 quadrivalent, x 3,00 
Anaphase-I showing bridge and fragment, x 3,000. 
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(Cytogenetics Laboratory, Department of Biochemistry, Indian Institute of Science, 
Bangalore-3) 


Received December 26, 1957 
INTRODUCTION 


THE discovery of the nucleus in a living yeast by Nageli dates back to 1844. 
It is, however, visible only in some yeasts under specified conditions (Royan 
and Subramaniam, 1956; Royan, 19564, b, c; Miller, 1956; Thyagarajan 
and Subramaniam, 1957 a, 6). During the years intervening the first record 
of its presence in a living cell (Nageli, 1844) and its rediscovery by Henneguy 
(1896; see Wager, 1898) the debate centred round the question whether yeast 
has a nucleus resembling that of higher organisms. The non-availability 
of the living nucleus as a standard necessitated dependence on fixation and 
staining procedures then in vogue for the study of the nucleus. The lack 
of agreement between the investigators (see Wager, 1898) would indicate 
the limitations of orthodox fixing and staining procedures when they are 
used as the sole standards for the study of the nucleus of yeast. 


STANDARDS USED FOR EVALUATION OF RESULTS 


Eisenschitz (1896) departed radically from conventional methods by 
attempting to stain vitally living yeast cells. He could neither see the nucleus 
reported by Nageli and Henneguy nor stain it vitally. He saw only certain 
stained grains lying partly inside and partly outside the vacuoles. Naturally, 
his conclusion that the granules and vacuoles together represent the prelimi- 
nary stages of a nucleus is justified by his observations. 


Bouin (1898) saw a normal nucleus in fixed preparations only under 
certain conditions. He remarks that yeast may become plurinucleate if it 
is grown at a high temperature, or in media lacking some mineral consti- 
tuents or even if the medium is rich in nutriments. He thought that the 
granules observed by some authors “ represent the nucleus which has become 
divided by a series of divisions not followed by cellular divisions ” (Wager, 
1898, p. 507). 


Wager (1898) saw in living cells the body identified by Niageli as the 
nucleus. But the living nucleus was not ideal like that of Henneguy (1896). 
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It was neither delimited from the cytoplasm by a definite membrane (see 
however, Wager, 1898, p. 518 and Fig. 4) nor did it exhibit any internal struc- 
tural differentiation. On staining, it resembled the ‘ nucleolus’ of Phaseo- 
lus. It is but natural that he had reservations regarding its nuclear nature, 
He suggested that the body considered as the nucleus by Nageli is only the 
‘nucleolus’ and that the prominent vacuole is the real nucleus. Fixation 
and staining procedures became once again the standards for judgement. 
According to Wager and Peniston (1910) nuclear continuity from one vege- 
tative generation to the next is only through the ‘ nucleolus’. They assigned 
the vacuole only the status of a vegetative nucleus. In a modern context 
their description would imply that yeast is bi-nucleate. 


The disagreement regarding the intra- (Janssens and Leblanc, 1898; 
Janssens, 1903) or extra-vacuolar position of the body designated as the nucleus 
by Nageli (1844) paled into insignificance with the demonstration by Caspers- 
son and Brandt (1941) that under certain cultural conditions the cytoplasm 
of the yeast cell appears homogeneous because of the absence of any visible 
inclusions. In the context of the above discovery Subramaniam (1946, 1948, 
1952) emphasised the importance of cultural conditions for an accurate 
evaluation of the structure and behaviour of the yeast nucleus. 


The question whether the vacuole is a permanent constituent of the 
yeast cell can only be judged in relation to its behaviour under varying physio- 
logical conditions. It was shown recently (Aswathanarayana, 1956) that 
while the majority of the cells in cultures ranging in age from 5-12 days had 
vacuoles and grains, only a small percentage showed these inclusions when 
the culture was 24-hr. old (Table I). On stimulation of the cells from these 
cultures with fresh media the cytoplasm lost its inclusions and became homo- 
geneous (Aswathanarayana, 1956; 1958). 


Because of the difference in the morphology of the cytoplasm between 
the 24-hr. and 5-day cultures, Subramaniam (1946, 1948) studied them sepa- 
rately even though at the time of fixation they had homogeneous cytoplasm 
as a result of stimulation by transfer to fresh media. The living cell bereft 
of any vacuoles or grains was the standard for his investigations. He fixed 
the stimulated cells from 24-hr. cultures in Carnoy’s and Bouin’s fluids and 
stained them with iron hematoxylin. He described (1946) a nucleus with 
a nuclear membrane which resolved itself into two chromosomes during mito- 
sis. This was in conformity with the earlier records of Badian (1937), Cas- 
persson and Brandt (1941) and Robinow (1944). 


From a parallel investigation of stimulated cells from 5-day cultures 
he described “‘ endopolyploidy ” (Subramaniam, 1948). The standards were 
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(i) cells bereft of any visible inclusions at the time of fixation and (ii) mitosis 
described earlier from young cultures. The description of the phenomena 
observed as “ endopolyploidy ” was rendered necessary in the context of 
the earlier work of Eisenschitz (1896), Bouin (1898), Wager (1898) and Wager 
and Peniston (1910). 


The standard of Lindegren (1945) was a vacuolated cell. In Feulgen 


. preparations Lindegren and Rafalko (1950) observed a cyclical relationship 


in the stainability of the structures present inside the “‘ centrosome” (= nu- 
cleus, Nageli) and the vacuole. The bodies stained by leuco-basic fuchsin 
inside the vacuole had a different tint and structure from those in the 
“centrosome” (see Table I, p. 171). 


While Subramaniam’s (1946) description of a vesicular nucleus delimited 
from the cytoplasm by a definite membrane has evoked little interest, his 
suggestion that yeast becomes “ endopolyploid ’’ under certain physiological 
conditions has been disputed (Winge and Roberts, 1954; Ganesan, 1956). The 
rationale behind the use of cells having a homogeneous cytoplasm at the 
time of fixation is that the structures revealed by staining are theoretically 
artefacts. Nissl (1910) held such a view and standardised procedures to 
obtain “ Aequivalent-bilder ”’ (Wolman, 1955). 


The necessity for entire dependence on fixed and stained preparations 
gives scope for different interpretations because a particular technique 
becomes the standard for evaluation (Winge, 1951; Winge and Roberts, 
1954; Ganesan, 1956). When cells bereft of any inclusions are fixed and 
stained in different ways, the structures seen in the finished preparations are 
artefacts. It becomes necessary, therefore, to separate (i) those which 
have an existence but are invisible from (ii) the real artefacts of fixation. 
This would be possible only if the organelles whose reactions to fixatives and 
stains are investigated are visible in the living cell. 


A search was, therefore, made for the living nucleus in the brewery 
yeast BY |, investigated earlier in this laboratory (Subramaniam, 1946). 


EXPERIMENTAL PROCEDURES 


The observations reported recently that the nucleus is clearly visible in 
living cells from 96-120-hr. wort cultures of a strain of Saccharomyces 
cerevisiae (Royan and Subramaniam, 1956; Royan, 19564, b, c) and 160- 
190-hr. cultures of a strain of Saccharomyces carlsbergensis (Thyagarajan, 
and Subramaniam, 1957 a, b) indicated the necessity for a systematic examina- 
tion of cultures of varying ages of BY l|—a strain of Saccharomyces cerevisiae 
—to locate the living nucleus. 
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Three slightly varying methods were adopted for the culture of yeast: 
(i) A few cells of BY 1 from 15-20-day agar slopes were transferred to tubes 
containing 5 ml. quantities of barley malt wort of S.G. 1-020 and pH 4-6- 
4-8, and allowed to grow at a room temperature of 23-25°C. Samples 
from these tubes were examined twice a day. (ii) When the cells from 15- 
20-day agar slopes had grown in wort for 16 hr., the tube was shaken well 
and three loops of material were transferred to tubes with 5 ml. of wort or 
(iii) 5 ml. of a medium containing 2% galactose, 1% peptone and 0-5% 
yeast extract having a pH of 4-6-4:°8. 


A careful survey of samples of varying ages from these three types of 
cultures was made with a Zeiss Phase Contrast Research Microscope. The 
nucleus was clearly visible only in 1-2% of the cells in wort cultures. It 
was seen in cells from 6—7-day cultures when the inoculum was from an old 
slant (method i) and in 7-8-day cultures when the inoculum was from 16-hr. 
wort cultures (method ii). In the GPY medium (method iii) the nucleus 
was visible only in 0-5-1% of the cells between the 10th and 12th day after 
inoculation. 


Samples were mounted in a drop of the medium in which they 
had grown, the excess of the medium around the coverslip was removed with 
filter-paper and two moist filter-paper strips of equal size were placed on 
either side of the square coverslip to prevent the movement of the cells. They 
were photographed with a Leica attachment using Kodak 35 mm. ‘ Microfile’ 
film. The negatives were enlarged to varying diameters. 


OBSERVATIONS 


1. Living cells—When visible, the nucleus appears optically denser 
than the cytoplasm. It lies outside the vacuole and is delimited from the 
cytoplasm by a definite membrane (Photos 1-8). The nuclear matrix may 
be homogeneous (Photos 1 and 2) or may show denser areas (Photos 3-8). 
In not all cells is the nuclear membrane thin. Often it is thick. The 
thickening may be irregular (Photo 5) or uniform (Photos 4, 6, 7 and 8). 


The formed structures inside the nuclear matrix show varying disposi- 
tions. They may lie free inside the nucleus (Photos 4 and 8) or may be 
plastered on to the inner surface of the nuclear membrane. Their shape is 
granular in Photos 4 and 8, while their contour is diffuse in Photo 3. Often they 
have an irregular semi-lunar shape when plastered on to the nuclear mem- 
brane (Photos 5,6 and 7). There is only a single grain in Photo 4, while there 
are a pair of granules inside the nucleus in Photo 8. The formed structures 
plastered on to the inner surface of the nuclear membrane vary in number 
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as well as size. A pair of unequal semi-lunar bodies occur inside the nucleus 
in cells in Photos 6 and 7. 


Gradations of optical density under phase contrast, of the nuclear matrix 
itself, is illustrated in Photos 6 and 7. Since formed structures occur often 
on the inner surface of the nuclear periphery (Photos 5, 6 and 7), the uni- 
formly thick nuclear membrane in Photo 4 may itself be the result of opti- 
cally dense material lining the inner surface of the thin nuclear membrane. 


Attention is invited to the importance of a visible nuclear membrane 
in judging whether the nucleus is an extra- (Royan, 19564, b, c) or intra- 
vacuolar (Lindegren, Williams and McClary, 1956) structure, and the separa- 
tion of granules lying inside the nucleus from those outside it. The nucleus 
is an extra-vacuolar structure (Photos 1-8). There is a dense granule in the 
cytoplasm at the junction between the nucleus and the vacuole in Photo 5. 
In Photo 8 a pair of grains occur inside the nucleus while a vesicle lies 
outside the nuclear membrane. 


2. Fixed and stained preparations—The fact that the nucleus is visible 
only in a very small percentage of the cells implies that they may be excep- 
tions. But the visibility of the nucleus in some cells enabled an evaluation 
of the action of fixatives and stains. Following Moeller (1892), Johansen 
(1940) and Nagel (1946), Royan (1956 a, 1958) compounded a fixative con- 
taining 45 ml. of Gram’s iodine solution, 45 ml. dist. water, 12 ml. of neutral 
formaldehyde and 1-5 ml. of glacial acetic acid and showed that it gave a 
life-like preservation of the yeast nucleus. She indicated that its utility for the 
study of the nuclei of other yeasts could only be judged by experiments. 


It was discovered that a slight modification was necessary to obtain an 
accurate fixation of the nucleus of the brewery yeast strain, BY 1, the subject 
of this paper. Gram’s iodine solution had to be diluted with double its 
volume of distilled water before adding the requisite quantities of formalde- 
hyde and acetic acid. 


Cells from 7-8-day wort cultures were smeared one cell thick on slides 
coated with a thin layer of Mayer’s albumin and transferred to the above 
fixative. After a stay of 60 minutes they were stored in 50% alcohol for 
periods ranging from 2-16 hr. to remove the iodine. The smears were 
then washed in running water for 45-60 minutes. 


The disagreements regarding the identification of a particular organelle 
of the yeast cell as its nucleus (see Wager, 1898) could be traced to the intense 
cytoplasmic basophilia. It is this which makes yeast refractory to the usual 
stains, The cytoplasmic basophilia could easily be removed by hydrolysing 








268 

























N. V. ASWATHANARAYANA AND M. K. SUBRAMANIAM 


the smears with N HCl at 60° C. for 7-10 minutes (Sinoto and Yuasa, 1941; 





Kurnick, 1955; Royan, 1956 a). ue 
(a) Staining with hematoxylin.—The hydrolysed cells after a thorough (a) 
wash in distilled as well as tap water were mordanted in 4% ferric ammonium to 
sulphate for 12-24 hours, washed for 20 minutes under the tap and transferred lev 
to well ripened hematoxylin for 24-48 hours. Destaining with 2% iron alum 
was carefully controlled by observation under an oil immersion objective. 
The smears were then washed in water for 30 minutes, exposed for a few 
seconds to ammonia vapour, washed again for 10 minutes, carefully dehydra- re 
ted in ascending grades of alcohol, cleared in alcohol-xylol mixtures followed m 
by pure xylol and mounted in canada balsam. he 
A few of the variations in the structure of the nucleus observed in be 
hematoxylin preparations are illustrated in Photos 9-12. It will be seen that - 
the vacuole shows no stained inclusions. The extra-vacuolar nucleus may “ 
appear as a solid structure showing no internal differentiation (Photo 9). fy 
Since occasionally the nucleus in a living cell appears as a homogeneous body 
showing no structural differentiation, the ‘ solid’ nucleus in Photo 9 has to 
be presumed to have a reality. The stained area in Photo 10 represents the g 
major portion of the nuclear matrix. The nuclear membrane is clearly seen if 
bounding the unstained portion of the nucleus. Compared to Photo 10, 0 
a greater region of the nuclear matrix is unstained in the cell illustrated in n 
Photo 11. The lack of uniformity in the thickness of the nuclear membrane 
in the above cell is reminiscent of the condition in some living cells (Photo 5). 
Photo 12 is interesting in that the staining is limited to one half of the nucleus. 
The unstained half enclosed by the nuclear membrane contains a stained 
granule. 
(b) Staining by the Feulgen technique.—The hydrolysed cells rinsed in 


several changes of distilled water were kept in leuco-basic fuchsin for periods 
ranging from 90-120 minutes. They were then differentiated in two changes 
of SO, water for 15 minutes each, counterstained with light green, dehydrated 
and mounted in canada balsam. 


~~ (2. & ae, ae ee eel lCUlCUlCO 


Examination under ordinary illumination reveals that the vacuole is 
bereft of any organelle stained by leuco-basic fuchsin. The nuclear boundary 
is barely visible and only a small region inside the nucleus is stained by leuco- 
basic fuchsin. This stained area may be located in the centre of the nucleus 
(Photo 13) or may lie at the inner periphery of the nucleus (Photo 14). Under 
ordinary illumination the nuclear membrane is not clear in cells stained by 
the Feulgen technique. But it stands out clearly when the same preparations 
are examined under the Phase Contrast Microscope. The area stained by 
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leuco-basic fuchsin varies in size as well as disposition. In Photo 15 it is 
spherical, while in Photo 16 it is semi-lunar. These photos emphasize that 
(a) examination of Feulgen preparations under phase contrast is imperative 
to get a correct idea of the nuclear structure and that (b) the area stained by 
leuco-basic fuchsin forms only a portion of the nucleus. 


DISCUSSION 


The earlier investigation of Subramaniam (1946) suggested that the 
resting nucleus of this strain of yeast (BY 1) is vesicular having a nuclear 
membrane enclosing structures of variable size and disposition stainable by 
hematoxylin. The living cell with no visible inclusions at the time of fixation 
being the basis for his observations, there was no possibility of determining 
whether the structure of the invisible living nucleus was the same as that 
revealed by hematoxylin in cells fixed in Carnoy or Bouin, or whether the 
fixatives had produced real artefacts. 


Sinoto and Yuasa (1941) remark: “In either the living cells or in fixed 
unstained cells the nucleus showed a homogeneous structure and was refrin- 
gent, but was discerned with difficulty from other granular bodies ” (p. 465). 
In cells fixed in Flemming and bleached with H,O, they report the existence 
of a karyosome surrounded by a hyaline zone and enclosed by a nuclear 
membrane. 


Subramaniam’s (1946, p. 145) Figs. 10, 11 and 12 are reminiscent of 
Figs. 3 a, b and c presented by Sinoto and Yuasa (1941, p. 466). The difficulty 
experienced by the above authors in distinguishing the nucleus from other 
cytoplasmic granules was avoided by Subramaniam by fixing cells having 
a homogeneous cytoplasm. The structural details of the nucleus reported 
by Sinoto and Yuasa from fixed and stained preparations were not visible 
in the living condition and hence their conclusions are based purely on stained 
preparations. They remark: “ By the Feulgen nucleal staining method the 
nuclei stain faintly reddish violet and sometimes the small granules around 
it show a similar colour ” (p. 467). It would appear that leuco-basic fuchsin 
stains not only the nucleus but also some cytoplasmic granules. 


The nucleus of yeast according to Lietz (1951) is an extra-vacuolar struc- 
ture delimited from the cytoplasm by a definite membrane. Unlike Sinoto 
and Yuasa (1941), Lietz found that the Feulgen technique stained only a por- 
tion of the nucleus. 


Mundkur (1954) emphasizes the limitations of chemical fixatives and 
uses frozen dried cells for his investigations. His opinion that freeze drying 
is superior to chemical fixatives appears to be based on a comparison of the 
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effects of these two types of fixation on living cells. He records: “ Phase 
microscopy of living, unstained yeast shows no difference in refractivity at 
different points within the nucleus........... With the ultra-violet micro- 
scope the nucleus appears as a uniformly dark spherical region in each cell” 
(p. 524). His conclusion that no chromosome-like structures are detectable 
at any stage in the cell is not surprising, since his attempt was to conform 
the fixed preparations to that of the living nucleus. 


The use of the living yeast nucleus as a basis for a study of its real struc- 
ture dates back to 1886. According to Wager (1898, p. 506) Henneguy saw 
in living as well as stained preparations of a red yeast “‘ a nucleus surrounded 
by a nuclear membrane and possessing a nucleolus”. The contradictions 
between Henneguy’s and Mundkur’s contributions on the structure of the 
resting nucleus are reconcilable in the context of the differences even in their 
observations on the living nucleus. Great care has, therefore, to be exer- 
cised in the selection of a standard. The living nucleus chosen for study 
should show structural differentiation. 


The above analysis reveals the serious limitations imposed by the invisi- 
bility of the nucleus in the living yeast. The differing observations could be 
reconciled only when the living nucleus is used as a standard for investigations 
(Royan and Subramaniam, 1956; Royan, 1956a, b, c; Thyagarajan and 
Subramaniam, 1957 a, b). 


The micrographs of living (Photos 1-8) and stained preparations (Photos 
9-16) presented in this paper confirms Subramaniam’s (1946) earlier work 
that the resting nucleus of BY | is a vesicle with a nuclear membrane enclos- 
ing formed structures inside. A comparison of Photos 13 and 14 with Photos 
15 and 16 would show that Feulgen technique stains only a portion of the 
nucleus and cannot be taken as the sole guide in evaluating the structure 
of the resting nucleus as has been done by Winge (1935) and Ganesan (1956). 


Basing his observations on the brewery yeast, BY 1, Ganesan (1956) 
concludes: “ A study of the photographs of the fermenting culture given in 
this paper show the similar nature of the stained nuclear bodies with all 
stains irrespective of the fixatives used” (p. 132). A comparison of Photos 
1-8 of the living nucleus of BY | presented in this paper with those of cells 
stained with hematoxylin (Photos 9-12) and Feulgen (Photos 13-16) would 
show that the above statement of Ganesan has little experimental justification. 


There is a remarkable similarity in the variations observed in the struc- 
ture of the living vegetative nucleus of BY 1 (Photos 1-8 of this paper), 
Saccharomyces cerevisie (Photos 15-33 of Royan, 19565) and Saccharo- 
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myces carlsbergensis (Photos 1 a-d of Thyagarajan and Subramaniam, 1957 a). 
What is more, the structure of the living vegetative nucleus is in no way differ- 
ent from that of the zygote (Photos 1-10 of Thyagarajan and Subramaniam, 
1957 5). 


SUMMARY 


1. In the brewery yeast BY 1, the nucleus is visible in 1-2% of the 
cells from 6-8-day cultures in barley malt wort and 0-5-1% of the cells from 
10-12-day cultures in Galactose Peptone Yeast extract medium. 


2. The nucleus is extra-vacuolar and is delimited from the cytoplasm 
as well as the vacuole by a definite nuclear membrane. 


3. Under phase contrast, the nuclear matrix shows gradations in optical 
density. 


4. Using the living nucleus as the standard, the variations in its struc- 
ture are illustrated from iron hematoxylin and Feulgen stained preparations 
of hydrolysed cells. 


5. The vacuole shows no stainable inclusions and leuco-basic fuchsin 
stains only limited regions of the resting nucleus. 
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DISCRIPTION OF PHOTOMICROGRAPHS 
PLATE XXIII 
(a) Living Cells 





PHotos 1-8. fllustrate the variations in the structure of the extra-vacuolar living nucleus as 
observed under the phase contrast microscope, xca. 3,100. 


PHOTO 1. A cell from 12-day culture in GPY medium. Note the well-defined outline of 
the nucleus. 

PHotos 2-8. Cells from 7-8-day barley malt wort cultures. 

PHOTO 3. The nuclear matrix shows denser areas. 

PHotos 4-8. The distinct nuclear membrane encloses the formed structures inside the nucleus. 

PHOTO 4. A single grain is present in the middle of the nuclear matrix. 


PHOTO 5. The nuclear membrane enables the separation of a granule lying inside it from 
that lying outside. 


PHotos 6-7. Irregular semi-lunar structures occur plastered on to the inner surface of the 
nuclear membrane. 


PHOTO 8. There are a pair of formed bodies inside the nucleus. A vesicular cytoplasmic 
structure could be seen in close contact with the nuclear membrane. 
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Puotos 9-16. 


Pootos 9-12. 


PHOTO 3 
Puotos 10-12 


Puotos 13-16. 


Puotos 13-14. 


Puotos 15-16. 
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(b) Fixed and Stained Preparations 
Cells from 8-day wort culture fixed in iodine-formal-acetic acid mixture for 60 min. 
and hydrolysed in N HCl at 60°C. for 8 min. before staining. 


Cell stained with Heidenhain’s hematoxylin. (Ordinary illumination), xca. 
8,700. 


The nucleus is stained homogeneously. 


Note the nuclear membrane and the variations exhibited by the structures insid 
the nucleus. Unstained regions differing in area could be observed inside 
the nucleus. 


The. nuclear membrane is not uniform in thickness in Photo 11. The unstained 
half of the nucleus contains a well formed grain in Photo 12. 


Cells stained with leuco-basic fuchsin, xca. 6,200. 


The stained area occurs inside the unstained nuclear matrix. (Ordinary illumina- 
tion.) 


Under phase contrast the nuclear membrane is seen to enclose the Feulgen posi- 
tive areas. 


FPA., Feulgen positive area; FS, Formed structure; N, Nucleus; NM, Nuclear membrane; 


V, Vacuole. 


STUDIES ON THE MENISPERMACEZ 
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INTRODUCTION 


Menispermacee is an important tropical family of dicecious flowering plants, 
mostly twining woody lianes with about 70 genera and 900 species distributed 
throughout the warmer parts of the world. The family includes several 
plants like Tinospora cordifolia, Cyclea peltata, Cissampelos pereira, ete., 
which are very valued in Indian medicine. In India, according to Hooker 
(1875) there are 35 species belonging to 19 genera and 4 tribes namely Tino- 
sporea, Cocculee, Cissampelidee and Pachygonee, while Gamble (1915) lists 
10 genera with 15 species as occurring in the former Presidency of Madras, 
Rama Rao (1914) has recorded 10 genera and 14 species in Travancore. 


Despite the great economic importance and the wide distribution of a 
large number of species, only very little is known regarding the cytology of 
this family. As early as 1928 Langlet has reported the chromosome number 
of Menispermum dauricum. Lindsay (1930), while studying the chromo- 
somes of some dicecious angiosperms, with special reference to sex-chromo- 
somes, has reported the cytology of Menispermum canadense. Hagerup 
(1932) and Nakajima (1937) determined the chromosome numbers in Coccu- 
lus leauba and Cocculus trilobus respectively. Joshi and Rao (1935) in their 
study of microsporogenesis in two Menispermacez, have counted the haploid 
chromosome numbers of Tinospora cordifolia and Cocculus villosus. Abra- 
ham (1942), in connection with his studies on the chromosomes of certain 
dicecious plants, examined the pollen mother cells of Tinospora cordifolia 
and reported a new haploid number for this plant. 


The present investigation deals with the cytology of six species belong- 
ing to six genera of the Menispermacez. As all these species are dicecious, 
an attempt was made to find whether there are any differences in cytology 
associated with sex. 

MATERIAL AND METHOD 


Most of the materials used in this study were available locally in and 
around Trivandrum, except Stephania rotunda, which was collected from 
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Peermade and Ponmudi. Anamirta cocculus was collected from Veli, a place 
about five miles north-west of Trivandrum. Live plants were collected and 
gown in pots in a green-house attached to the Botany Department of the 
Kerala University. Somatic chromosomes were usually studied from root 
tip cells, and for this actively growing roots were fixed in Carnoy’s fluid 
(3:1 absolute alcohol—acetic acid) after subjecting them to cold treatment 
in melting ice for two to three hours. This cooling prior to fixation was 
found to be very effective in spreading out the chromosomes satisfactorily 
at the metaphase stage. 


Studies of meiotic chromosomes were made from pollen mother cells, 
and for this flower buds were collected from plants in their natural habitats. 
A trace of iron-acetate added to the fixative was found to be useful in getting 
well stained preparations. 


Simple acetocarmine smear technique was adopted throughout this study. 
Photomicrographs were usually taken from fresh smears and explanatory 
diagrams were made on enlarged photographic prints taken on smooth white 
matt paper, which were reduced to desired size in reproduction. 


OBSERVATIONS 
Tinospora Miers. (Tribe: Tinosporee) 


This is a tropical Asiatic and African genus which is represented by six 
species in India, but only two are found indigenous to Travancore. 


Tinospora cordifolia Miers. 


This is a glabrous climbing shrub with woody stem and cordate leaves, 
generally reaching great heights and sending down aerial roots. The plant 
is used in several pharmaceutical preparations and the medicinal value of it 
is due to the small quantity of berberine it contains. 


Joshi and Rao (1935) have reported the haploid chromosome number 
of the plant to be n = 12. But later Abraham (1942) observed 13 bivalents 
in the pollen mother cells from material collected in Poona, and this is found 
to be in agreement with the present findings. During meiosis 13 bivalents 
were clearly seen (Text-Fig. 1, and Plate XXIV, Fig. 1). At diakinesis they 
are rather loosely paired, and a deeply stained nucleolus was found to lie 
in close association with a bivalent. 


The somatic number counted from root tip cells of the staminate plant 
was clearly 2m = 26 (Text-Fig. 2 and Plate XXIV, Fig. 2). Chromosomes 
were rod-shaped and small-sized ranging from 2-3 in length. The somatic 








276 P. M. MATHEW 


set consisted of a pair of medium-sized, eight pairs of short and four pairs of 
shorter chromosomes. One of the medium-sized chromosomes showed 
hetero-pyknosis. Positions of centromeres could not be clearly made out in all, 


Anamirta W. and A. (Tribe: Tinosporee) 


This genus is represented in Travancore by only a single species, namely 
A. cocculus W. and A. Prodr. It is a woody twiner and its cytology has not 
been studied previously. Somatic chromosomes were counted from the 
root tips as well as tapetal cells of a male plant collected from Veli. In both 
tissues the number of chromosomes was found to be the same, 2 = 26; 
but chromosomes in the tapetal cells (Text-Fig. 3 and Plate XXIV, Fig. 3) 
were relatively larger than those in the root tip cells. Length of the tapetal 
chromosomes varies from 1-4-2-:7y. Division of the tapetal nuclei takes 
place during the late synezesis, as in Menispermum canadense (Cooper, 1933) 
and Tinospora cordifolia (Joshi and Rao, 1935). A deeply stained nucleolus 
was found in the metaphase stage in tapetal division. Sufficient flower 
material was not available for study of meiosis. 


Tiliacora Coleb. (Tribe: Cocculez) 


The only Indian representative of this genus is 7. racemosa Coleb. 
There is no previous cytological report on this genus. Mitosis of this plant 
was not studied for lack of sufficient good root material. During meiosis 
13 bivalents were clearly seen in pollen mother cells (Text-Fig. 4, and 
Plate XXIV, Fig. 4). In late diakinesis the association of the homologues 
is so close that the bivalent nature is not very evident. At this stage a 
feebly stained nucleolus was found to lie in association with a bivalent. 


Stephania Lour. (Tribe: Cissampelidez) 


This genus is represented in India by three species, namely S. rotunda, 
S. elegans and S. hernandifolia. Of these, only the first one is indigenous to 
Travancore. 


S. rotunda Lour. 


This is a tuberous-rooted large climbing shrub with peltate ovato- 
rotundate leaves. The tuberous root is largely used in Ayurvedic medicine. 
Cytology of this species is studied for the first time. Mitosis and meiosis of 
the staminate plants collected from two localities, Ponmudi and Peermade, 
were studied. During meiosis 13 bivalents were clearly seen at first meta- 
phase in pollen mother cells (Text-Fig. 5, and Plate XXIV, Fig. 5). A single 
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Text-Fias. 1-11. Explanatory diagrams of Figs. 1-11 of Plate XXIV, x 1,100. Fig. 1. Meiosis 
in Tinospora cordifolia, n= 13. Fig. 2. Mitosis in T. cordifolia staminate plant, 2 = 26. 
Fig. 3. Tapetal mitosis in Anamirta cocculus, 2n = 26. Fig. 4. Meiosis in Tiliacora racemosa, 
n=13,. Fig. 5. Meiosis in Stephania rotunda,n = 13. Fig.6. Mitosis in §. rotunda staminat, 
plant, 2n = 26. Fig. 7. Meiosis in Cyclea peltata,n =24. Fig. 8. Mitosis in Cyclea peltata 
Staminate plant, 2n=48. Fig. 9. Meiosis in C. peltata, n=24. Fig. 10. Meiosis in 
Cissampelos pereira, n= 12. Fig. 11. Mitosis in C. pereira, male plant, 2m = 24. 
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nucleolus is present in all the prophase stages up to diakinesis. Regular ana- 
phase separation takes place in the normal way. 


Root tip cells showed 26 chromosomes, varying in length from 2-3-5 
(Text-Fig. 6 and Plate XXIV, Fig. 6). All the chromosomes possessed either 
median or submedian constrictions, and no satellites were seen. From a 
study of a number of metaphase plates it was found that two pairs of chromo- 
somes are larger than the rest of the chromosomes. Of these two, one pair 
was found to be heteromorphic with one of the members slightly longer 
(3-5) than its homologue (3p). 


Cissampelos Linn. (Tribe: Cissampelidex) 


It is a cosmopolitan genus, which is represented in India by only a single 
species, C. pereira Linn. No previous cytological report is available on this 
species also. This is a softly pubescent climber, locally known as “ Mala- 
‘thangi”’ which is very much used in Ayurvedic medicine. 


During meiosis 12 bivalents were clearly seen at diakinesis (Text-Fig. 10 
and Plate XXIV, Fig. 10) and at this stage most of the bivalents had only one 
chiasma each, while a few others showed two chiasmata. Of the twelve 
bivalents, two were comparatively large in size. Members of one of these 
two bivalents appear to be unequal in size, suggesting a heteromorphic pair. 


Root tip cells of the male plant showed 24 fairly large-sized chromo- 
somes, ranging from 3-6-6-3 in length. They may be roughly classified 
as two pairs of long, five pairs of medium-sized and five pairs of short chromo- 
somes. Four of the pairs showed median and the other eight pairs had 
submedian constrictions. One of the medium-sized pairs showed secondary 
constrictions also. One of the two pairs of long chromosomes was an un- 
equal pair, in which one chromosome was 6-3 long while its homologue 
was only 5-3 in length (Text-Fig. 11 and Plate XXIV, Fig. 11—see the 
chromosome in the centre in Fig. 11 and bivalent at 9 o’clock in Fig. 10). 


Cyclea Arnott. (Tribe: Cissampelidez) 

This genus is closely allied to the previous one. There is no previous 
cytological report on this too. 
C. peltata H. F. and T. 


The haploid chromosome number, as observed from the first and second 
meiotic stages in pollen mother cells, was clearly 24 (Text-Figs. 7 & 9 and 
Plate XXIV, Figs. 7 & 9). First anaphase separation was quite normal which 
resulted in the normal disposition of 24 chromosomes each to either pole. 
This is in striking contrast with the situation in Menispermum canadense 
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(Lindsay, 1930) and Cocculus trilobus (Nakajima, 1937), where it has been 
reported that one or more pairs separate with apparent difficulty. Root tip 
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cells of a male plant of C. peltata showed 48 chromosomes (Text-Fig. 8 and 
Plate XXIV, Fig. 8). Chromosomes at metaphase are seen to be very much 
condensed, and they varied from 2-3-4 in length. All the chromosomes 
showed either median or submedian constrictions. 


The following list shows the chromosome numbers so far known in the 


family : 


Previous Reports 





Chromosome numbers 








Name of Plant Author 
2n 

Menispermum canadense 52 Lindsay (1930) 
M.dauricum . 52-54 Langlet (1928) 
Tinospora cordifolia 24 Joshi and Rao (1935) 
T. cordifolia .. 26 Abraham (1942) 
Cocculus leauba 26 Hagerup (1932) 
C. villosus 38 Joshi and Rao (1935) 
C. trilobus 50 Nakajima (1937) 
C. laurifolius .. 26 Bowden (1945) 
C. carolinus 78 Bowden (1945) 
C. trilobus 52 Bowden (1945) 





Present study 





Name of Plant 


Chromosome numbers 


Basic number 








n 2n 
Tinospora cordifolia 13 26 13 
Anamirta cocculus 26 13 
Tiliacora racemosa 13 -" 13 
Stephania rotunda 13 26 13 
Cissampelos pereira 12 24 12 
Cyclea peltata 24 48 12 


B2 
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DISCUSSION 


Basic chromosome number and phylogeny of Menispermacea.—The study 
reported here covers six species representing six genera and three tribes, and 
as only 15 species in 10 genera and 4 tribes are recorded in South India 
(Gamble, 1915) this may be considered as constituting a fair sample of the 
South Indian representatives of the family. 


From the chromosome determinations made in these it is seen that 24, 
as in Cissampelos pereira, is the lowest diploid number in the family. Since 
no number lower than this has been reported in any of the previously investi- 
gated species also, it is possible to take 12 as the lowest basic chromosome 
number of the family. However, the fact that the genus Cissampelos shows 
a high level of floral organization, as in C. pereira, where the female flowers 
are remarkably zygomorphic with only a single sepal and a single carpel, 
would suggest that it is the most advanced genus in the family. Cyclea also 
shows a chromosome number of n = 24 and 2n = 48, as in C. peltata, 
based on the same basic number 12. On morphological considerations these 
two genera are closely related and are included in the same tribe Cissampeli- 


dee. This relationship now appears to enjoy cytological support also in their 
having a common basic number. 


In all the four genera, Tinospora, Anamirta, Tiliacora and Stephania, 
chromosome numbers occur in multiples of 13. But in Tinospora cordifolia 
the haploid number reported previously (Joshi and Rao, 1935) is n = 12, 
which is not in agreement with the unmistakably clear counts of n = 13 made 
by Abraham (1942) and n = 13 and 2n = 26 observed during the present 
study. This together with the count of 2 = 26 in Anamirta (present study) 
which is another genus of the tribe Tinosporea, would rightly lead one to con- 
sider 13 as the correct haploid number in Tinospora cordifolia. and not 12. 
Some of the previously investigated species like Cocculus leauba (2 n = 26), 
C. laurifolius (2n = 26), C. carolinus (2n = 78), C. trilobus (2n = 52), 
Menispermum canadense (n = 26) and M. dauricum (2n = 52-54) also 
come under the group with basic number 13. However, reports of n = 19 
in Cocculus villosus (Joshi and Rao, 1935) and n = 25 in C. trilobus (Naka- 
jima, 1937) show some deviation from the 12 and 13 basic number system. 
But from later report of 2m = 52 in Cocculus trilobus (Bowden, 1945) it is 
clear that 52 is the correct stomatic number in this species. Regarding the 
number n = 19 in C. villosus, we are inclined to doubt the accuracy of this 
count on the ground that all the other investigated species of Cocculus are 


reported to have chromosome numbers exactly in multiples of the basic 
number 13. 
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Thus from the cytological data so far available on the Menispermacee 
it may be seen that 12 and 13 are the basic chromosome numbers in the 





m family, of which 13 is the most common number occurring in genera like 
dia Menispermum, Tinospora, Anamirta, Tiliacora, Cocculus and Stephania. 
the Joshi and Rao (1935), basing on their observation on Tinospora cordi- 
folia (n = 12), have tried to trace out a progressive difference of 7 between 
24, the chromosome numbers of each of the three plants like Tinospora cordi- 
nce folia (n = 12), Cocculus villosus (n = 19) and Menispermum canadense (n = 
sti- 26). But the definite occurrence of a basic number 13 in most of the investi- 
me gated genera lends strong support to the comment made by Abraham (1942) 
WS that the statement of Joshi and Rao (1935) regarding the existence of a pro- 
ers gressive difference of 7 is without any suggestive relation to the hypothesis 
del, put forward by Anderson (1934) that the angiosperms have originated from 
Iso wide crosses between some of the simpler members of the seven-chromosomed 
ita, and twelve-chromosomed gymnosperms, followed by doubling of the 
ese chromosomes. 
eli- 


The prevailing basic chromosome numbers of the Menispermacee (12 
and 13) are not reported to be present in any of the closely related families. 
Stebbins (1947) has suggested that x = 6, 7 and 8 are more likely to have been 


eir 


ia, the original basic numbers for the flowering plants and that x = 12, 13, 14 
lia and all higher basic numbers are, for the most part, of ancient polyploid origin. 
12, So it may be that the 12 and 13 basic number situation in Menispermacee 
de might have originated independently from some of the simpler numbers 
nt like 6 and 7, the number 12 being derived from 6 by polyploidy and 13 by 
ly) hybridization between 6 and 7 followed by doubling of chromosomes. Before 
n- making a suggestion as to the probable group from which the ancestors of 
2, the present-day Menispermaceous genera could have originated, it is necessary 
6), to examine the affinities and relationships suggested by systematists on mor- 
2), phological considerations. Lawrence (1951) cites that earlier systematists 
so have treated the family as a part of the Berberidacez, the Magnoliacez or the 
19 Annonacee. But others like DeCandolle and Eichler (Lawrence, 1951) 
‘a recognized it as a distinct family altogether. Modern systematists like Rendle 
a. (1952) and Hutchinson (1926) seem to consider the family as having close 
Is affinity with the Berberidacee and the Lardizabalacee. The fact that the 
he basic numbers 12 and 13 are not reported to be present in Berberidacez, 
Lis Magnoliacee or Annonacee (Darlington and Wylie, 1955) apparently indicates 
re an improbability in considering Menispermacez as a part of any one of these 
iC families. Moreover, in view of the clearly distinct basic numbers (12 and 13) 


prevalent in this family, which are absent in the so-called related families, 
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we are inclined to uphold the views of DeCandolle and Eichler that the 
Menispermacez is a distinct family. The basic numbers 6 and 7 are very 
common in Berberidacee, but 6 is totally absent in Lardizabalacee and even 
7 is so far reported to be present only in a single genus, Lardizabala (Darling. 
ton and Wylie, 1955). This helps to make at least a probable suggestion 
that the ancestors of the present-day Menispermaceous genera with basic 
numbers 12 and 13 might have originated in the dim past from some of the 
genera in Berberidacee with 6 and 7 as basic numbers. 


The next question is as to whether the Menispermaceous genera origi- 
nated from separate genera of the Berberidacez. Here an examination of 
the relative size of the chromosomes appears to be helpful. A comparative 
study of the chromosome size of the different species reported here showed 
that remarkable variation in the size of the chromosomes exists in these. 
Relatively small-sized chromosomes were noticed in species like Tinospora 
cordifolia, Stepania rotunda and Anamirta cocculus, where the chromosome 
number is only 2” = 26. This is in striking contrast with the situation in 
Cyclea and Cissampelos in which chromosomes were fairly large in size. 
Cissampelos pereira showed the largest (3-6-6-3 ) chromosomes so far seen 
in the family. It is interesting to note that in Tinospora, Anamirta and Ste- 
phania, all with 2 n = 26, small size and small number go side by side, where- 
as in Cyclea (2 n =48) large size continues to be associated with large num- 
ber. All the species with chromosome numbers in multiples of 12 have larger 
chromosomes than species having 13 as the basic number (please see Figs. 1-6 
for species with 13 as basic number and Figs. 7-11 for those with 12 as basic 
number). It is clear from this that their relationship is not very close. On 
morphological considerations also they fall into distinct tribes, except that 
Stephania with n = 13 and Cissampelos with n = 12 and Cyclea with n = 24 
are grouped by systematists in the same tribe namely Cissampelidee. A close 
examination of the morphological characters of the three genera, as in 
Table I, shows that Stephania deserves to be taken out from this tribe. 
The number of perianth lobes is 6 or more in Stephania and also there is no 
marked distinction between male and female flowers in this respect unlike 
the three other genera included under Cissampelidea. The affinities appear 
to be more with the Coccule@ in which the perianth lobes are 6-8 and there 
is no difference between male and female flowers regarding this. Therefore 
it is suggested that the genus Stephania may be transferred to the tribe Coccu- 
lee. If this is accepted, it is clear that genera with different basic numbers 
and having marked difference in chromosome size, in spite of the fact that 
the difference in chromosome number may be as low as two in the diploid 
tissue, could not have arisen from common ancestors. The greater proba- 
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TABLE I 
Stephania Cissampelos Cyclea 
Habit .. Climbing shrub Climbing shrub Climbing shrub 
Flowers .. In axillary cymose Male Fl. cymose In axillary panicles 
umbels Female Fl. racemed 
Sepals .. In Male Fl.6-10 In Male FI. erose In Male Fl. 4-8 
free connate 


In Female Fl.3-5 In Female Fl.2(or In Female FI. 
sepal and petal one 1 oblong 


each) 
Petals .. In Male Fi. 3-5 In Male Fl. 4 connate In Male Fl. 4-8 
obovate 
In Female Fl. 3-5 In Female FI. 1 In Female Fl. 1 
Stamens .. 6connate 4 connate 4-6 connate 
Ovary me 1 1 
Style .. 3-6 partite 3 fid 3-5-lobed 
Seed .. Almost annular Embryo slender Cotyledons slender, 
Cotyledons slen- Cotyledons narrow- _semi-terete, 
der, semi-terete, ed, semi-terete, appressed 
appressed appressed 





bility seems to be that they might have arisen from parents which had already 
diverged sufficiently to have attained generic rank. It is hoped that further 
detailed study of more genera and species in this group of families which is 
in progress in this laboratory would shed more light on this aspect. 


Sex chromosome in the Menispermacee.—During the present study of 
some of the distinctly dicecious species of the Menispermacez an attempt has 
been made to find out whether there are any “‘ sex chromosomes ” present in 
these. From the previous reports it is seen that the male plant of Cocculus 
trilobus (Nakajima, 1937) showed an unequal pair of chromosomes with one 
of its members about twice as large as the other. But no such unequal pairs 
were reported to be present in any of the other species studied before. 
Among the staminate plants of six species reported here Stephania rotunda 
and Cissampelos pereira were found to possess each an unequal pair of chro- 
mosomes. In S. rotunda, of the two pairs of long chromosomes, one had 
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one of its members (3-5 ) slightly longer than its homologue (3). This 
was consistently observed in several cells in smear preparations of root tips, 
A similar situation was noticed in Cissampelos, where the largest pair in the 
somatic set was heteromorphic, its two members being 6-3 and 5:3y 
respectively in length. The presence of an unequal pair in this species became 
more clear from its meiotic chromosomes. Among the 12 bivalents at dia- 
kinesis, the largest was found to have its components differing in size. From 
these observations it appears probable that the males of Stephania rotunda 
and Cissampelos pereira are heterogametic with XY type of sex chromosomes, 
Another interesting observation made was the presence of a chromosome 
showing heteropyknosis in each somatic complement from the root tip cells 
of the staminate plants of Tinospora cordifolia. 


The observations made on the sex chromosomes of the above-mentioned 
species, however, are incomplete as no corresponding female individuals 
have been studied. The carpellate plants also may show heteromorphic 
chromosomes, but no such definite instance has been reported in any of the 
dicecious angiosperms so far. Kumar and Deodikar (1940) had reported 
that the female of Coccinia indica is heterogametic and the male homogametic, 
but later study made by Kumar and Vishveshwaraiah (1952) showed that the 
earlier statement was wrong and that the male of C. indica is the hetero- 
gametic sex. 


SUMMARY 


1. Cytological study has been made of the staminate plants of six 
species belonging to six genera and three tribes of the Menispermacee. 


2. The chromosome counts made in them are nm = 13 and 2n = 26 
in Tinospora cordifolia, 2n = 26 in Anamirta cocculus, n = 13 in Tiliacora 
racemosa, n = 13 and 2n = 26 in Stephania rotunda, n = 12 and 2n = 24 
in Cissampelos pereira and n = 24 and 2n = 48 in Cyclea peltata. 


3. From a discussion of all the available cytological data on the Menis- 
permacee it is suggested that the existing basic chromosome numbers in the 
family are 12 and 13, of which 13 is the most common. 


4. Taxonomic relationships of the family are briefly discussed in the 
light of cytological findings, and it is suggested that the ancestors of the pre- 
sent-day Menispermaceous genera with basic numbers 12 and 13 might have 
originated from more than one genus in the Berberidacee with 6 and 7 as their 
basic numbers. 
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5. Chromosome size variation in the family is briefly considered and 
together with data on floral morphology it is suggested that Stephania should 


ne be transferred from the tribe Cissampelide@ to the tribe Cocculea. 

* 6. Unequal pairs of chromosomes were seen in the male plants of 
ne Stephania rotunda and Cissampelos pereira. Heteropyknosis was found in one 
» of the chromosomes in the male plants of Tinospora cordifolia. These male 
= plants are provisionally suggested to be heterogametic with XY type of sex 
ia chromosomes. 

8. 
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EXPLANATION OF PLATE XXIV 
(All photomicrographs at a magnification of x 1,100) 


Fic. 1. Meiosis of Tinospora cordifolia showing 13 bivalents in pollen mother cells. 


Fic. 2. Somatic chromosomes in root tip cell of 7. cordifolia male plant showing 2 n = 26, 


Fic. 3. Mitosis in tapetal cells of Anamirta cocculus clearly showing 26 small-sized chromosomes, 
Note the deeply stained nucleolus. 

Fic. 4. Meiosis in pollen mother cells of Tiliacora racemosa showing 13 bivalents. 

Fic. 5. Meiosis of Stephania rotunda with 13 bivalents in pollen mother cells at Metaphase I, 

Fic. 6. Root tip mitosis in S. rotunda male plant, clearly showing 26 chromosomes. 

Fic. 7. Meiosis of Cyclea peltata showing 24 bivalents in pollen mother cells at Metaphase I. 

Fic. 8. Root tip squash of Cyclea peltata male plant showing 48 chromosomes. 

Fic. 9. Meiosis of Cyclea peltata clearly showing 24 chromosomes each on either side of the 





pollen mother cell at Metaphase II. 


Fic. 10. Meiosis in Cissampelos pereira showing 12 bivalents in pollen mother cells at diakinesis, 


Fia. 11. Root tip squash preparation in the staminate plant of Cissampelos pereira clearly showing 
24 large-sized chromosomes. 
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INTRODUCTION 


IN a previous paper, the author (Philipose, 1953) had given an account of 
ten Chrysophycee collected from some inland waters of North-East and 
South Inida. The present paper deals with eighteen unicellular Volvocales 
collected from inland waters of West Bengal, Orissa and Andhra. 


Our knowledge of the unicellular Volvocales of India, Burma and Ceylon 
is very limited. H. J. Carter (1858 and 1859) described from Bombay four 
unicellular Volvocales under the names Cryptoglena cordiformis, C. lenti- 


cularis, C. angulosa and Chlamydococcus ?. Later authors have referred 
C. lenticularis and C. angulosa to Phacotus lenticularis and Pteromonas angu- 
losa respectively, while C. cordiformis has been referred at first to Carteria 
and subsequently to Platymonas cordiformis. Phacotus lenticularis has again 
been recorded by Lemmermann (1907) from Ceylon. Iyengar (1920, p. 3) 
refers to Chlamydomonas and Carteria occurring in rain-water pools at Madras 
during the summer monsoon season. Crow (1923, p. 144) came across some 
doubtful specimens of Spherella lacustris in the fresh-water plankton of 
Ceylon. In his detailed account of the colonial Volvocales of South India, 
Iyengar (1933, p. 324) again mentions that the unicellular genera Chlamydo- 
monas, Carteria, Chlorogonium, Lobomonas, Phacotus, Pteromonas and Pyra- 
midomonas occur fairly frequently in South India. In 1935, Holsinger re- 
corded five species of Chlamydomonas, including a new variety and a doubt- 
ful species, and a Carteria, in cultures of paddy field soils from Ceylon, and 
Singh (1939, p. 61) recorded a species of Chlamydomonas in cultures of paddy 
field soils from North India. The author (unpublished M.Sc. Thesis, Uni- 
versity of Madras, 1940) came across three species of Chlamydomonas, a 
Carteria and a species of Dysmorphococcus in the plankton of Museum pond, 


* Published with the kind permission of the Chief Research Officer, Central Inland Fisheries 
Research Station, Calcutta. 
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Madras, and also in cultures of silt from the same pond. In 1942, Rama- 
nathan described a species of Carteria showing oogamous reproduction, 
from Madras. Skuja (1949, p. 59) recorded Coccomonas orbicularis in Burma. 
Mitra (1950) has described sexual reproduction in two new species of 
Chlamydomonas and a new species of Carteria found in cultures of desiccated 
soils from North India. As far as the author is aware no other records of 
unicellular Volvocales are available from the Indo-Burmese region. 


Though a large number of unicellular forms were observed by the author 
during routine as well as casual examinations of the plankton of confined 
waters, all of them could not be identified owing to lack of full details. An 
account of those which could be identified is given below. 


OCCURRENCE OF THE FORMS 


The forms described in this paper occurred mostly in small ponds and 
tanks used for rearing fish, rarely in rain-water pools, swamps or rivers (cf. 
Table 1). The majority of them came up one or two days after the first 
showers of the south-west monsoon during May-June. When the first 
showers were heavy, these shallow waters were invariably made muddy and 
some forms like Chlamydomonas sub-caudata, Chlorogonium aculeatum and 
Chlorogonium sp. formed a green scum on the surface of the water. When 
the water was clear, the unicellular forms remained in the general body of 
the water and if in large numbers, as in the case of Platymonas cordiformis 
and Pyramimonas reticulata, they gave the entire water an intense green 
colouration. 


A few like Carteria globosa, Pteromonas aculeata var. crenulatus and 
Thoracomonas feldmannii were observed well after the start of the heavy 
monsoons or sometimes, as in the case of Thoracomonas, towards the close 
of the north-east monsoons. 


Phacotus lenticularis and Dysmorphococcus variabilis occurred either 
during May-October or during the cool months of November-February. 
Chlamydomonas conferta occurred during January, while a species of Chloro- 
gonium and a Carteria (not included in the present paper) occurred in large 
numbers in the Research Station tank, Barrackpore, towards the close of 
winter in February 1950. Spherellopsis fluviatilis was observed during a 
bright spell in September, and Wislouchiella planctonica at the commence- 
ment of the hot summer season, along with a species of Thoracomonas and 
a Lobomonas, which are also not described here. 


According to Iyengar (1933, pp. 323-25), Volvocales occur mostly during 
the wet monsoon months, and the summer monsoon season with higher 
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temperature and diminished sunlight is more favourable for their develop- 
ment in profusion. The present observations of the author are mainly in 
agreement with these observations. However, some species were occasionally 
noticed in fairly large numbers during the cool dry season or during summer. 
It may be mentioned here that the Dysmorphococcus observed by the author 
(Philipose, 1940, Joc. cit.) in Museum pond, Madras, also showed maximum 
development during the peak of summer in May. 


From the point of view of habitat, Carteria micronucleolata appeared 
to be the most interesting. It formed green patches on sand at the edge or 
water in River Mahanadi during July 1951. Immediately after heavy floods, 
the water in the river was receding and the green patches occurred at the 
margins of shallow pools left behind by the receding flood in sandy islets in 
the middle of the river. The green patches with the sand were collected in 
a tube and brought to the laboratory. When pure water was added to the 
tube and the contents shaken well, the water became intense green. A drop 
mounted on a slide immediately showed that the cells had no cilia. However, 
cilia were developed quickly and the alga started moving rapidly. Iyengar 
(1933, p. 324) has recorded unicellular Chlamydomonads from the sandy mar- 
gins of beach pools at Madras. He suggests that these alge, occurring in 
thin films of water around sand particles, are healthier than individuals in the 
water proper owing to the better aeration available outside the water. The 
present alga is probably another instance of the same phenomenon. 


SYSTEMATIC ACCOUNT 


Family CHLAMYDOMONADACE 
Genus Carteria Diesing, 1866 
1. Carteria globosa Korshikov 
A. Pascher, 1927, pp. 143-44, fig. 89 A. 
Cells spherical; cell wall usually close-fitting, rarely loose; without 
a papilla. Cilia as long as the cell or slightly longer. Chromatophore in 
the form of a massive cup with a basal pyrenoid. Eye-spot equatorial and 
disc-shaped. Contractile vacuoles two and at the anterior end. 
Cells 15-8—20-2 in diameter. 
Habitat—In the plankton or as a scum. 
Remarks.—The alga agreed with the type in all respects. The same alga 
was also noted in cultures of silt and in the plankton of Museum pond, 


Madras, by the author during 1938-39 (cf. Philipose, unpublished M.Sc. 
Thesis, University of Madras, 1940). 
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*Distribution—Europe (cf. Pascher, loc. cit.; Lund, 1942, p. 279), 
N. America (cf. G. M. Smith, 1950, p. 84) and India. 


2. Carteria micronucleolata Korshikov 


(Text-Figs. 3 and 9) 
A. Pascher, 1927, p. 156, fig. 107. 


Cells oblong to ellipsoid, rounded at both ends and with a distinct cell 
membrane and a more or less dome-shaped beak in front. Cilia as long 
or slightly longer than the cell. Chromatophore H-shaped and parietal with 
a spherical pyrenoid in the thick central connecting bridge. Stigma in the 
form of a small streak half-way between the equator and the apex. Con- 
tractile vacuoles two and at the front end. Nucleus at the hind end. 


Cells 8-8-14-1 broad, 15-8-22-9, long. 
Habitat.——As green patches on moist sand. 


Distribution—Russia (cf. Pascher, loc. cit.), India. 


Genus Platymonas G. S. West, 1916. 


3. Platymonas cordiformis (Carter) Korshikov 
(Text-Figs. 1 and 1 a) 
H. Skuja, 1948, p. 76, Taf. 7, figs. 1-6; 
P. Bourrelly, 1951, pp. 254-55, pl. I, figs. 20-21; 
[= Cryptoglena cordiformis Carter, 1858, p. 250, Pl. 8, figs. 28-29; 
= Tetraselmis cordiformis Stein, 1878, Taf. 16, figs. 1-3; 


= Carteria cordiformis (Carter) Dill, in A. Pascher, 1927, p. 149, fig.79; G. S. West and 
F. E. Fritsch, 1927, p. 78; Nygaard, 1945, Taf. 3, fig. 32; G. M. Smith, 1950, p. 84]. 


Cells compressed with a broad and a narrow side. Broad side ovate 
to obovate with the hind end broadly rounded and the front end slightly to 
deeply emarginate. Viewed from the narrow side and top, it is ellipsoid 
with rounded ends with one side convex and the other flat, slightly convex 
or slightly concave. Cell membrane thin and close-fitting. Cilia as long 
or slightly longer than the cell body. Eye-spot disc-shaped and median or 
just above the equatorial region. Chromatophore in the form of a basally 
thickened massive cup with a basal pyrenoid. Contractile vacuoles two and 
at the front end. Cells filled with reserve food granules, which very often 
mask the pyrenoid and the eye-spot. 


* It is likely that the geographical distribution given under the various species may not be 
complete, the literature available for consultation being very limited. 
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Cells 10-6-19-4 broad, 14-1-22-9y long and 7-12-3, thick. 
Habitat.—Planktonic. 


Remarks.—The majority of the individuals examined agreed with the 
type. However, one or two individuals, which otherwise agreed with the type, 
had four lobes at the anterior end (Text-Fig. 2), two of the lobes being 
more prominent. These individuals, which were also dorsiventral, showed 
a certain amount of resemblance to a Pyramimonas. It was not possible to 
determine whether this was a variation of the type or whether it was an 
entirely different form. However, a four-lobed anterior end is known in 
a few species of Platymonas (cf. N. Carter, 1938, p. 6), whereas in some other 
species the cell is compressed with a longitudinal ridge at each corner and 
enclosing a four-lobed chromatophore (cf. Carter, Joc. cit., p. 7). Ovcca- 
sionally, the chromatophore may be also four-lobed at the anterior end 
(cf. G. M. Smith, 1950, p. 85). 


According to Skuja (/oc. cit.), the chromatophore of P. cordiformis has 
a distinct yellowish tinge. In the present alga it was not possible to make 
out a definite yellowish tinge in individual cells, but when a number of cells 
were together, there appeared to be a faint yellowish tinge. 


Distribution —Europe (cf. Skuja, Bourrelly, Pascher, West and Fritsch, 
and Nygaard, Joc. cit.), N. America (cf. Smith, Joc. cit.), India (cf. Carter, loc. 
cit.). 

Genus Chlamydomonas Ehrenberg, 1833 
4. Chlamydomonas monadina (Ehr.) Stein 
(Text-Figs. 8, 12, 14 and 15) 


F. Stein, 1878, Taf. 15, figs. 40-43; J. Gerloff, 1940, p. 468; 
(= Microglena monadina Ehr.; = Chlamydomonas cingvlata Pascher, 1927, pp. 271-72, 
figs. 230 a-b; G. Nygaard, 1945, p. 43, Taf. 3, fig. 35; H. Skuja, 1948, p. 85). 

Cells spherical to short-ellipsoid or ovoid with both ends rounded. Cell 
membrane distinct and with a stout truncate beak at the front end. Chro- 
matophore deeply incised, cup-shaped with a thin base. Pyrenoid equatorial 
and in the form of an incomplete ring or broken up into two to four pieces. 
Eye-spot equatorial or slightly above or below the equator and shaped like 
an elongated streak. Contractile vacuoles two and at the front end. Cilia 
as long as the cell or slightly longer. 


Cells 11-4-15-8y broad, 14-1-18-5y long. 
Habitat.——In the plankton or as a scum. 


Remarks.—The alga agreed fairly well with the type, but was slightly 
smaller, the type measuring 18—21-35 in diameter (cf. Pascher, Joc. cit.). 
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Distribution—Europe (Stein, Pascher, Gerloff, Nygaard & Skuja, loc, 
cit.), Inner Asia (Gerloff, Joc. cit.), India. 





5. Chlamydomonas conferta Korshikov 
(Text-Figs. 13 and 21) 

A. Pascher, 1927, p. 216, fig. 161¢; J. Gerloff, 1940, p. 454. 

Cells spherical with a distinct and close-fitting cell membrane ending 
at the front end in a small slightly truncate beak. Cilia as long as the cell 
or slightly longer. Chromatophore in the form of a massive cup with a very 
thick base enclosing a fairly large pyrenoid, which is round or slightly elong- 
ated transversely. Eye-spot disc-shaped, fairly large and equatorial. Con- 
tractile vacuoles two and at the front end. 

Cells 10-6-22-9 » in diameter. 

Habitat.—Planktonic. 

Distribution—Russia (cf. Pascher and Gerloff, loc. cit.), India. 

6. Chlamydomonas sub-caudata Wille 


(Text-Figs. 4-6 and 10) 


A. Pascher, 1927, pp. 244-45, figs. 196-98; J. Gerloff, 1940, p. 458: G. Nygaard, 1945, 
p. 43, fig. 26. 





















































Cell shape very variable, but usually ellipsoid to ovoid with the hind end 
attenuated or drawn out and broadly rounded, symmetrical or asymmetrical. 
Cell membrane close-fitting or loose from the protoplast at the hind end, and 
with a minute beak in front. Chromatophore cup-shaped with a thick base 
enclosing a spherical to angular pyrenoid. Eye-spot in the form of a short 
streak and equatorial or about half-way between the equator and the apex. 
Contractile vacuoles two and at the front end. Cilia slightly shorter than 
the cell. 

Cells 8-9-7 broad, 15-19-4 long. 

Cilia 12-3-14-1 long. 

Habitat.—As a scum, and also in the plankton. 

Distribution —Europe (cf. Pascher, Gerloff and Nygaard, loc. cit.), India. 

Genus Chlorogonium Ehrenberg, 1830. 
7. Chlorogonium elongatum (Dangeard) Franzé 
(Text-Fig. 11) 

(= Cercidium elongatum Dangeard; = Chlamydomonas elongata Wille). 

A. Pascher, 1927, p. 316, figs. 283-84; G. M. Smith, 1950, p. 82, figs. D-I. 

Cells fusiform with the front end drawn out into a long hyaline beak- 
like portion and the hind end attenuated and pointed. Front end with two 
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cilia which are about a third of the body length. Chromatophore parietal 
and dumbel-shaped with two pyrenoids one on either side of a central nucleus 
which lies in the gap in the chromatophore. Eye-spot in the form of an 
elongated streak lying half-way between the front end and the anterior pyre- 
noid. Contractile vacuoles two and at the front end. 


Cells 4-4-4-7 broad, 42-24 long. 
Habitat.—Planktonic or as a scum. 


Remarks.—The hind end of C. elongatum is normally blunt and not 
pointed. In the present alga it was more or less pointed. Bourrelly(1951, p. 267, 
Plate 4, Fig. 80) has described a form of C. elongatum which was a pointed 
tail and which is up to 8 broad, the type measuring only up to 6p in 
breadth. So, it appears that pointed tails are not uncommon in C. elongatum. 
The measurements of the present alga conformed fully with the type, the only 


point of difference being the pointed tail. It is, therefore, included here under 
the type. 


Distribution—Europe (cf. Pascher, loc. cit.; Jane, 1938, p. 345), 
N. America (cf. G. M. Smith, 1950, p. 82), India. 


8. Chlorogonium aculeatum (Korshikov) Pascher 


(Text-Figs. 7 and 20) 
A. Pascher, 1927, pp. 317-18, figs. 285 aand 6; P. Bourrelly, 1951, pp. 267-68, Pl. 4, fig. 84. 


Cells fusiform with drawn out but fairly stumpy ends. Front end with 
a somewhat truncate papilla with two laterally inserted cilia just below. Cell 
membrane thin. Chromatophore in the form of a parietal plate but thin 
on one side in the median region where the nucleus lies. Pyrenoids two, 
one in front and the other behind the nucleus. Contractile vacuoles two and 
at the front end. Eye-spot in the form of a streak above the anterior pyre- 
noid. Cilia about half to two-thirds the length of the cell. 


Cells 2-6-4 broad, 13-2-19-4y long. 
Cilia up to 9-7 long. 
Habitat——As a scum and also in the plankton. 


Remarks.—The alga agreed with the type in all respects except that the 
individuals were in general somewhat smaller than the type, which measures 
3-7 » in breadth and 15-30, in length. 


Distribution Europe (cf. Pascher and Bourrelly, Joc. cit.), India. 
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9. Chlorogonium sp. 
(Text-Figs. 17-19) 


The cell of this alga, which somewhat resembles a Euglena acus in shape, 
is narrow and spindle-shaped with the front end drawn out into a long hyaline 
beak and the hind end into a fairly long hyaline tail having an acuminate tip. 
The chromatophore is in the form of a parietal plate with both ends pointed, 
the tail being more or less free of the chromatophore. In young individuals 
there are 3-4 pyrenoids arranged in a regular axial row, but in older indivi- 
duals there may be up to 10 pyrenoids arranged in an irregular axial series. 
A central nucleus has been observed in some instances. The eye-spot is in 
the form of a narrow streak lying at a distance of about a fourth of the length 
of the cell from the front end. A number of small vacuole-like structures 
are scattered in the general cytoplasm, but it has not been possible to ascer- 
tain beyond doubt whether they are really contractile vacuoles or only refrac- 
tive granular structures. The cilia measure 1/6 to 1/5 of the length of the 
cell and the cells measure 5-3-10-6y in breadth and 54-6-114, in length. 


Habitat—As a scum or in the plankton. 


In the presence of several pyrenoids in the chromatophore the alga shows 
a certain amount of resemblance to Chlorogonium euchlorum Ehrenb. (cf. 
Pascher, 1927, pp. 314-16, Figs. 281-82), but unlike C. euchlorum the pre- 
sent alga is not plump and tumid at the hind end, the pyrenoids are larger 
and arranged in a somewhat linear series and not scattered in the chromato- 
phore, and there is a distinct tail. The present alga is also 14 to 2 times as 
long as C. euchlorum and the cilia are proportionately shorter than in 
C. euchlorum. 


In its general shape and the arrangement of the pyrenoids in a somewhat 
axial row with the nucleus, the alga shows some resemblance to C. elongatum 
(Dangeard) Franzé (cf. Pascher, 1927, p. 316, Figs. 283-84). In specimens 
grown in cultures, C. elongatum also sometimes shows three or more pyre- 
noids (cf. Pascher, Joc. cit., p. 317, Fig. 284a). However, it differs from 
C. elongatum in the constant presence of more than two pyrenoids, the chloro- 
plast being not dumbel-shaped, in the presence of a distinct tail and in being 
much longer than C. elongatum, which measures only 20-45» in length. 


In its general Euglena-like appearance and its length, the alga shows 
some resemblance to C. acus Nayal (cf. Nayal, 1936, p. 311, Fig. 1; Nygaard, 
1945, p. 44, Fig. 27), which measures 75-115, in length, but in C. acus, 
usually there are only two pyrenoids, rarely three or four, the tail is not as 
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distinct as in the present form and it is also slightly narrower (3-5-6-5y 
broad). 


Thus, the present alga is most probably a new species coming near 
C. euchlorum, C. elongatum or C. acus. Pending confirmation of the location 


and number of contractile vacuoles, it is not referred at present to any parti 
cular species. 


Genus Spherellopsis Korshikov, 1925 
9. Spherellopsis fluviatilis (Stein) Pascher 
(Text-Figs. 22-31) 


(= Chlamydococcus fluviatilis Stein; = Spherellopsis crassicauda Korshikov). 
A. Pascher, 1927, p. 324, figs. 291-92. 


Cells enclosed within a firm envelope, which is ellipsoid to ovoid. Space 
between the protoplast and the envelope filled by a gelatinous susbtance, 
Sometimes, two or four daughter cells enclosed within a common gelatinous 
envelope, each cell having its individual envelope and cilia. Protoplast 
much smaller than the envelope, ellipsoid with attenuated ends or ovoid 
and with a thin periplast. Front end of the protoplast usually touching 
the envelope, or, rarely, ending a little below it. Cilia two, 14-2 times the 
length of the proplast and emerging through an opening in the envelope 
where the protoplast is in contact, or when the protoplast is not in contact 
with the envelope, they proceed some distance separately within the envelope 
and diverge out through separate openings in the envelope. In the latter 
instance (Text-Figs. 23 and 30), the basal portion of the cilia appeared to be 
slightly thicker. Chromatophore massive and cup-shaped with a basal or 
slightly lateral pyrenoid, though sometimes it could not be made out clearly 
on account of the presence of starch grains. Contractile vacuoles two and 
at the front end. Eye-spot small and disc-shaped, equatorial or sub-equa- 
torial. 

Protoplasts 6-2-10-6 broad, 8-8-12-3 » long. 

Envelope 14-20» broad, 15-21 w long. 


Habitat.——As a scum or in the plankton. 


Remarks.—The present alga agreed with S. fluviatilis (Stein) Pascher in 
most respects. However, the enclosing envelope was more often ovoid than 
ellipsoid and the protoplast had a more definite form, the hind portion not 
showing any metaboly. The gelatinous substance between the protoplast 
and the envelope also sometimes showed layering (Text-Fig. 22) when stained 
with methylene blue. These variations did not appear to be of sufficient 
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importance or constancy to warrant the creation of a new form. In instances 
where the basal portion of the cilia appeared to be thicker, there was a certain 
resemblance to S. fluviatilis var. spharelloides Pascher (cf. Pascher, loc. cit., 
p. 324). Whether these individuals really belonged to this variety or whether 
they were only occasional variations of the type, could not be ascertained. 


Carter (1858, pp. 243-47, Plate VIII, Figs. 9-17) gives descriptions and 
figures of a Chlamydococcus ?. However, it is not possible to make out 
whether the form he records is a Spherellopsis or not, there being no gelati- 
nous envelope for the individual cells in his “ still form”. 


This appears to be the first record of the genus for India, Burma and 
Ceylon. 


Distribution —Central Europe and Russia (cf. Pascher, Joc. cit.), 
N. America (cf. G. M. Smith, 1950, p. 77), India. 


Family POLYBLEPHARIDACE® 


Genus Pyramimonas Schmarda, 1850 
11. Pyramimonas reticulata Korshikov 
(Text-Figs. 32-36 and 45) 


A. Pascher, 1927, pp. 93-94, fig. 56. 


Cells generally cylindrical, ovoid or obovoid, but very often extremely 
variable in shape. Front end usually truncate or slightly concave with four 
lobes visible in some individuals. Hind end usually rounded. Chromato- 
phore in the form of an irregular network, sometimes looking almost stellate. 
Pyrenoid basal, beaded or sometimes in the form of a small round or angular 
body without a starch sheath and very often masked by a large number of 
starch grains present in the cell. Eye-spot an elongated disc, placed in an 
equatorial or sub-equatorial position. Contractile vacuoles two and at the 
front end. Cilia four, as long as the cell or half as long. A few cells, pre- 
sumably fused gametes, were seen with two separate groups of four cilia each 
at the front end. 


Cells 8-4-15p broad, 11-4-25-2 long. 
Habitat.—Planktonic. 


Distribution—Europe (cf. Pascher, loc. cit.), N. America (cf. G. M. 
Smith, 1950, p. 72), India. 
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Family PHACOTACE/ 
Genus Dysmorphococcus Takeda, 1916 
12. Dysmorphococcus variabilis Takeda 
(Text-Figs. 57-60 and 62) 


G. S. West and F. E. Fritsch, 1927, pp. 84-85, fig. 13 I-M; 
G. M. Smith, 1950, p. 93; (= Dysmorphococcus Fritschii Takeda in A. Pascher, 1927, p. 353, 
figs. 321-22). 


Protoplast enclosed within an envelope, which is very often light brown 
in colour. Envelope slightly compressed, ovoid to obovoid with rounded 
ends in side view and ellipsoid to oblong in top view. Frequently, it has 
a longitudinal torsion. Protoplast much smaller than the envelope and ovoid 
with two apical cilia passing out through separate orifices in two different 
planes. Chromatophore cup-shaped and with a basal pyrenoid. Eye-spot 
in the form of a small equatorial streak. Contractile vacuoles two and at 
the front end. 


Protoplast 7-8-8 » broad, 9-7-10-6 long. 

Envelope 12-3-16-7 » broad, 13-2-17-6 long. 

Habitat.—Planktonic or, rarely, as a scum along with other alge. 

Remarks.—Except for the record of another species, viz., D. contarta sp. 
nov., from Madras by the author (cf. Philipose, unpublished M.Sc. Thesis, 


University of Madras, 1940) there does not appear to be any previous record 
of the genus from India, Burma and Ceylon. 


Distribution Europe (West and Fritsch, loc. cit.; Pascher, loc. cit.), 
N. America (cf. G. M. Smith, Joc. cit.), India. 


Genus Phacotus Perty, 1852 
13. Phacotus lenticularis (Ehrenb.) Stein 
(Text-Figs. 37-40) 


F. Stein, 1878, Taf. 15, figs. 63-71; A. Pascher, 1927, pp. 358-59, fig. 325: G.S. West 
and F, E. Fritsch, 1927, p. 83; = Cryptomonas lenticularis Ehr.; = Phacotus viridis Perty ; 
= Cryptoglena lenticularis Carter, 1858; p. 247, Pl. VIII, figs. 18-27. 


Envelope in the form of a biconvex lens and made up of two similar 
halves, light brown and usually sculptured by granulations or scrobiculations, 
circular on the broad side and lenticular in side view. Protoplast smaller 
than the envelope, ovoid and with a cup-shaped chloroplast having a basal 
pyrenoid or sometimes with two to four pyrenoids preliminary to reproduc- 
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tion. Eye-spot, a median streak. Contractile vacuoles two and at the front 


end. Cilia as long as the cell body and passing out through an apical orifice 
in the envelope. 


Protoplast 5-3-10-6 in diameter and 3-5-7 » thick. 
Envelope 10-6-16:2 in diameter and 7-10, thick. 


Habitat——In the plankton, rarely forming a scum. 


Remarks.—Skuja (1948, p. 97, Taf. 10, Figs. 4-8) has described a form 
of P. lenticularis with the protoplast nearly filling the envelope, with a single 
basal or a number of lateral pyrenoids, and with the cilia passing out through 
two lateral furrows. The individuals in the present material, which showed 
a slightly larger protoplast (9-3-10-6 » in diameter) and more than one pyre- 
noid, agreed with the type in that the cilia passed out through an apical 
orifice and not through lateral furrows as in Skuja’s form. 


Distribution—Europe (cf. Pascher, loc. cit.; West and Fritsch, loc. cit.; 
Jane, 1939, p. 115; Nygaard, 1945, p. 44), N. America (cf. G. M. Smith, 
1950, p. 88), Ceylon (cf. Lemmermann, 1907, p. 266), India (Carter, Joc. cit.). 


Genus Pteromonas Seligo, 1887 
14, Pteromonas angulosa (Carter) Lemmermann var. cordiformis 
(Lemm. non Stein) comb. nov. 
(Text-Figs. 51-55) 


= Pteromonas cordiformis Lemmermann non Stein. 


This alga had an envelope which was hyaline, compressed and obovate 
to more or less heart-shaped on the broad side and somewhat spindle-shaped 
with the sides undulate to angular in side view. Viewed from the top it was 
more or less oblong-ellipsoid to six-sided with narrow expansions of the wing 
on either side. The protoplast was much smaller than the envelope, ovoid 
to oblong-ovoid on the broad side, ellipsoid to fusiform in side view and 
ellipsoid to circular in top view. The chromatophore was cup-shaped and 
deeply incised with a basal or sometimes slightly lateral pyrenoid. The cilia 
were as long as the protoplast or slightly longer. The eye-spot was small 
and median or slightly above the equator. The envelope measured 11-2- 
15-8» in breadth, 13-9-15-8 » in length and 5-9, in thickness. The proto- 
plast measured 6-2-7-0» in breadth, 11-4 in length and 5-0 in thickness. 


The present alga does not agree with P. angulosa (Carter) Lemmermann 
(cf. Pascher, 1927, pp. 365-66; = Cryptoglena angulosa Carter, 1859,:p. 17, 
Plate I, Fig. 18 a, b, c) since the envelope is obovate and more or less heart- 
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shaped, whereas in P. angulosa the envelope is nearly spherical to broadly 
ovoid, rarely slightly obovate. Lemmermann (cf. Pascher, Joc. cit.) has 
created a species of Pferomonas with obovate, somewhat heart-shaped enve- 
lope having the front end emarginate under the name P. cordiformis based 
on a figure of Chlamydococcus alatus given by Stein (cf. Stein, 1878, Taf. 15, 
Fig. 56). Since Stein has not given the morphological characteristics or 
diagnosis of this form, Pascher is in favour of deleting Lemmermann’s species 
and combining it with P. angulosa. Since the form under present considera- 
tion has an envelope which is, on the broad side, distinctly obovate and more 
or less heart-shaped, with the front end much broader than the hind end, 
narrowly fusiform on the small side and oblong-ellipsoid in vertical view 
and since it agrees with the type in other respects, it appears best to consider 
it along with Lemmermann’s P. cordiformis as a variety of P. angulosa under 
the name cordiformis (Lemm. non Stein) comb. nov. 


Diagnosis.—Envelope on the broad side distinctly obovate and heart- 
shaped with the hind end broadly rounded and the front end more or less 
straight or slightly emarginate, on the small side narrowly fusiform with 
angular sides and in vertical view oblong-ellipsoid with a slightly curved 
pointed wing-like expansion on either side. Stigma equatorial or slightly 
above the equator. Envelope 11-2-15-8 broad, 13-9-15- 8p long and 
5:9 thick. Remaining characters as in type. 


Habitat.—Planktonic. 
Distribution Europe (cf. Pascher, Joc. cit.), India. 


15. Pteromonas aculeata Lemmermann var. crenulatus var. nov. 
(Text-Figs. 46-50, 56 and 61) 


This alga has an envelope which is quadrate to rectangular on the broad 
side with the corners produced into short or long attenuated processes. The 
sides of the envelope are slightly concave or convex and irregularly undulate 
to crenulate. The posterior side is also irregularly undulate to crenulate or, 
rarely, spinous. Viewed from the top it is spindle-shaped and bent in the 
form of a light ““S” with the sides undulate to angular. ‘In side view it is 
ellipsoid with angular sides and provided with two processes at the front end 
and a median longitudinal ridge which is prolonged at either end. The proto- 
plast, though not filling the envelope, is fairly large and more or less ovate, 
obovate or nearly rectangular and provided with a distinct cell wall from 
which it is very often free at the hind end. The chromatophore appears 
to be in the form of a massive cup with about four to fifteen pyrenoids 
scattered in it. The cilia are slightly longer than the protoplast and passes 
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out of the envelope through tubular sheaths. In the preserved material it 
has not been possible to make out the eye-spot or contractile vacuoles. The 
protoplasts measure 13-2-20-0 in breadth, 16-9-22-5 in length and 7-8 
in thickness. The envelopes measure 19-4-34-2 in breadth, 26-4-37-0p 
in length and 14-15-8 in thickness. 


The alga agrees with Pteromonas aculeata Lemmermann (cf. Pascher, 
1927, pp. 368-69, Fig. 339) in the general shape of the envelope with the 
four corners produced, in the presence of several pyrenoids in the chromato- 
phore and the basal portion of the cilium being provided with a tubular 
sheath, but differs in that the hind portion of the envelope is only slightly 
concave or nearly straight and is usually undulate to crenulate or spinous, 
the sides of the envelope are also irregularly undulate to crenulate and some- 
times convex, the chromatophore has up to about fifteen pyrenoids and the 
envelope is larger than in the type, the envelope in the type measuring 18 » 
in breadth and 19-33 in length. Pascher (loc. cit.) states that P. aculeata 
is incompletely known and that probably it has more than four pyrenoids 
shown in Lemmermann’s figures. In P. aculeata var. lemmermanni Skuja 
(cf. G. M. Smith, 1950, Fig. 35 A-C) also there are four pyrenoids, but the 
sides of its envelope may be straight or undulate and in vertical view it is six- 
sided. In the present alga the larger number of pyrenoids, the irregularly 
undulate to crenulate hind end and sides and its larger dimensions are more 
or less constant features. It may, therefore, be considered as a new variety 
of P. aculeata and named crenulatus var. nov. 


Diagnosis.—Envelope quadrate to rectangular on the broad side with 
the processes at the corners not so well marked as in the type. Hind end 
and sides irregularly undulate to crenulate, rarely spinous, and nearly straight 
or slightly concave or convex. In side view ellipsoid with angular sides and 
in vertical view six-sided, fusiform and slightly sigmoid. Protoplast with 
a distinct cell wall from which it is frequently free at the hind end. Chromato- 
phore with up to about 15 pyrenoids. Eye-spot?. Contractile vacuoles ?. 
Envelope 19-4-34-2 broad, 26-4-37-0y long and 14-15-8 w thick. 


Habitat.—Planktonic. 


Genus Wislouchiella Skvortzov, 1925 
16. Wislouchiella planctonica Skvortzov 
(Text-Figs. 64-66) 
B. W. Skvortzov, 1927, p. 134, figs. 7 and 8; G. M. Smith, 1950, p. 89, fig. 34. 


Envelope compressed and in the form of a wing-like expansion. Viewed 
from the broad side it is more or less quadrate to nearly circular with a 
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posterior tail and a short projection just behind the protoplast and two small 
projections at the apex, one below the other. In side view ellipsoid with 
two stout divergent projections at the anterior end and two laterally placed 
stout projections with a tail in between, at the posterior end. Envelope and 
processes finely verrucose and colourless. Protoplast ovate with a massive 
cup-shaped chloroplast having an axial pyrenoid. Cilia two, inserted dia- 
gonally at the anterior end and shorter than the envelope. Eye-spot and 
contractile vacuoles not observed. 


Envelope 24-6-26-3 ~ broad, 27-3-28-2y long, 11-2-13-2, thick. 
Protoplast 10-6-16-7 broad, 14-9-15-8 long. 

Cilia 14-17-6 long. 

Habitat.—Planktonic. 


The alga agrees fairly well with the type, but is slightly broader, the type 
measuring 19-5-21 » in breadth and 25-29-6,y in length. The tail is also 
sometimes more pronounced. 


Distribution —Manchuria (cf. Skvortzov, loc. cit.), N. America (ef. 
G. M. Smith, Joc. cit.), India. 


Genus Thoracomonas Korshikov, 1925 


17. Thoracomonas feldmannii Bourrelly 
(Text-Figs. 63 and 67-69) 
P. Bourrelly, 1951, p. 272, Pl. IV, figs. 92-98. 


Envelope compressed, light brown and slightly verrucose; viewed from 
the broad side shield-shaped with the posterior end pointed or with an 
irregular contour; from the narrow side oblong to spindle-shaped; and 
from the top trapezeoidish with the corners broadly rounded. Protoplast 
oblong-ellipsoid with a chromatophore which appears to be cup-shaped and 
with an axial pyrenoid. Eye-spot in the form of a small streak and median 


in position or slightly above. Cilia as long as the protoplast. Contractile 
vacuoles two and at the front end. 


Envelope 9-6-11-4 broad, 11-4-12-7y long, 3-5-5-3,y thick. 
Protoplast 5-3 broad, 7-8-9-7 long. 


Habitat.——In the plankton or as a scum along with other alge. 


Remarks.—The alga agreed fairly well with the type. This appears to 
be the first record of the genus for India, Burma and Ceylon. 


Distribution Europe (cf. Bourrelly, Joc. cit.), India, 
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Genus Fortiella Pascher, 1927 


18. Fortiella indica sp. nov. 
(Text-Figs. 41-44) 


The cells of this alga are enclosed within a firm, more or less spherical 
to ovoid, very rarely oblong, envelope. The envelope is deep brown in 
colour and provided with fine punctae, resembling that of some species of 
Trachelomonas. It also appears to be somewhat thick and layered, but it 
has not been possible to determine whether this is really the case or whether 
it is due to any artefact. The protoplast is much smaller than the envelope, 
ovoid and with four cilia at its front end. The cilia project out through an 
opening at the front end of the envelope and are more or less of the same 
length as that of the envelope or slightly longer. The chromatophore appears 
to have a cup-like outline with an alveolated periphery so that it looks almost 
stellate. There is a single large axial pyrenoid which is very often elongated 
transversely. Owing to the deep colour of the envelope, the rest of the cell 
contents could not be made out clearly. The alga is very often associated 
with Dysmorphococcus variabilis from which it could be distinguished by the 
deeper colour of the envelope, its slightly larger size and the presence of four 
cilia. The envelope measures 12-8-18-Ow in breadth and 15-5-18-5y in 
length, and the protoplast 7-5-10-6 in breadth and 9-2-11-4, in length. 
The cilia measure 17-0-18-4, length. 


The present alga agrees with F. bullulina (Playfair) Pascher (cf. Pascher, 
1927, p. 474; = Carteria bullulina Playfair, 1918, p. 516) in the envelope 
being occasionally somewhat spherical, the protoplast being much smaller 
than the envelope, and in the brown colour of the envelope, but differs from 
it in the envelope being more often obovoid than spherical with deeper brown 
colour than in F. bullulina, the envelope being finely punctate and not smooth, 
the protoplast being ovoid and not spherical and the dimensions being smaller 
than in F. bullulina, the envelope of which measures 22-26, in diameter 
with the cilia about one and a half times the length of the envelope. The 
present alga also possesses a cup-shaped to stellate chloroplast with a dis- 
tinct pyrenoid. These details are not known in F. bullulina. 


The alga under present consideration also shows some resemblance to 
F. scrobiculata (Playfair) Pascher (cf. Pascher, 1927, p. 475; = Carteria 
scrobiculata Playfair, 1917, p. 824) in the envelope being occasionally some- 
what broadly ellipsoid to oblong (Text-Fig. 44) and being ornamented, but 
in F. scrobiculata the envelope is distinctly granular to scrobiculate, whereas 
in the present alga it is only finely punctate. Other details of F. scrobiculata 
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are not known except that it is slightly larger, the envelope measuring 18-20» 
in breadth and 18-22, in length. 


Though the present alga shows some resemblance to F. brunnea (cf. 
Pascher, 1927, p. 474) in the envelope being occasionally irregularly obovoid, 
the envelope being ornamented and deeply coloured and the protoplast being 
smaller than the envelope, the envelope in the present alga is more often 
obovoid than oblong-ellipsoid, is finely punctate and not irregularly and 
coarsely sculptured as in F. brunnea, the protoplast is much smaller with a 
chloroplast having a stellate appearance and a big pyrenoid, whereas the 
protoplast is larger in F. brunnea with a deeply cleft chloroplast having a small 
basal pyrenoid. The envelope of the present alga is also shorter than in 
F. brunnea which measures 10-17 » in breadth and 17-28 » in length. 


F. playfairii Skuja (cf. Pascher, 1929, pp. 435-36) is also different from 
the present form because it has an opening at the end of a short neck, the 
protoplast nearly fills the envelope, the chromatophore is parietal, a pyrenoid 
appears to be absent and there are several stigmata. 


Thus, the present alga does not agree with any of the known species. 
It may, therefore, be considered as a new species and it may be named Fortiella 
indica sp. nov. 


Diagnosis——Envelope spherical to obovoid, rarely oblong-ellipsoid, 
sometimes with a slightly irregular contour, posterior end rounded, deep 
brown in colour, firm and finely punctate, 12-8-18-0, broad and 15-5- 
18-5 long. Protoplast ovoid and much smaller than the envelope; cilia 
four and of the same length as the envelope or slightly longer and projecting 
out through an opening at the front end of the envelope. Chromatophore 
cup-shaped to stellate with a fairly large axial pyrenoid which is often 
elongated transversely. Eye-spot?. Contractile vacuoles ?. 


Habitat.—Planktonic or as a scum along with other alge. 


SUMMARY 


An account of eighteen forms of unicellular Volvocales collected from 
shallow confined waters, rarely from moist sand near water, of West Bengal 
and Orissa, is given. A few of these occurred in Andhra also. 


Most of the forms occurred in ponds at the commencement of the south- 
west monsoons, either as a scum or in the plankton or both, rarely during 
the north-east monsoon season. A few also occurred during winter or early 


summer. 




















































Contributions to Our Knowledge of Indian Alge—II 309 





) The eighteen forms described belong to twelve genera, sixteen species 
and two varieties. Of these, one, viz., Fortiella indica is a new species and 
another, viz., Pteromonas aculeata var. crenulatus is a new variety. A third, 

4 viz., Pteromonas angulosa var. cordiformis is a new combination variety. 

> 

1g The genera Spherellopsis, Dysmorphococcus, Thoracomonas, Fortiella 

. and Wislouchiella, one species of each of which is described, are recorded 

d for the first time from the Indo-Burmese region. Species of Chlorogonium 

a and Pyramimonas are also described for the first time from this region. 

le Two species of Carteria, three species of Chlamydomonas and Ptero- 

i monas angulosa var. cordiformis, which have not been recorded from the 

in Indo-Burmese region previously, are also described. Phacotus lenticularis 
and Platymonas cordiformis, which have been recorded only rarely from 

. this region, have been shown to occur more frequently, the former in a num- 

‘ ber of localities. One form, viz., Chlorogonium sp., which is probably a new 

4 species, is not referred to any particular species for want of full details. 

The author wishes to acknowledge his gratitude to Sri. K. H. Alikunhi, 
| Research Officer, Central Inland Fisheries Research Substation, for passing 

ye . . 

* on to the author some of his plankton collections from Andhra. 
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EXPLANATION OF TEXT-FIGURES 


Text-Fics. 1-21. Figs. 1 and 1a. Platymonas cordiformis. 1. Broad side. 14. Top 
view. Fig. 2. P. cordiformis?. Figs. 3 and 9%. Carteria micronucleolata. Figs. 4-6. and 
10. Chlamydomonas sub-caudata. Figs. 7 and 20. Chlorogonium aculeatum. Figs. 8, 12, 14 
and 15. Chlamydomonas monadina. 8. Top view. Fig. 11. Chlorogonium elongatum. 
Figs. 13 and 21. Chlamydomonas conferta. Fig. 16. Certeria globosa. Figs. 17-19. Chloro- 
gonium sp. 


Figs. 1-6, 8-10, 12-19 and 21 drawn under, x 1,500; Figs. 7 and 20 under, x 2,450; Fig. 11 
under, x 1,750; and Fig. 16 under, x1,050. 


Text-Fics. 22-45. Figs. 22-31. Spherellopsis fluviatilis. Figs. 32-36 and 45. Pyrami- 
monas reticulata. Figs. 37-40. Phacotus lenticularis. Fig. 38. Side view. Fig. 39. Two 
halves of the envelope during reproduction. Inner contents not shown. Figs. 41-44. Fortiella 
indica. Puncte on envelope not shown in Figs. 41 and 43 and only partially in Fig. 42. 


All figures drawn under a magnification of x 1,500. 


Text-Fics. 46-69. Figs. 46-50, 56 and 61. Pteromonas aculeata var. crenulatus. Fig. 50. 
Four daughter cells being liberated from a mother cell, thice in tcp view and cre shcwirg treed 
side. Fig. 61. Side view. Figs. 51-55. P. angulosa var. cordiformis. Fig. 53. Side view. 
Fig. 55. Top view. Figs. 57-60. and 62. Dysmorphococcus variabilis, different views. Figs. 63 
and 67-69. Thoracomonas Fedlmannii. Fig. 63. Top view. Fig. 69. Side view. Figs. 64-66. 
Wislouchiella planctonica. Fig. 646. Side view. 


Figs. 46-48, 50 and 56 drawn under about, x 1,600; Fig.64a under, x725 ard the rest 
under, x 1,500. 








POLYPLOIDY AND VITAMIN C IN EMBLICA 
OFFICINALIS GAERTN. 
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Received April 23, 1958 


Emblica officinalis Gaertn., until recently known as Phyllanthus emblica L., 
is a moderately sized deciduous tree found growing wild throughout tropical 
India and southwards to Ceylon and Malacca. Its distribution extends 
through Malaysia to South China. It is also found as a cultivated tree 
throughout India and several large fruited varieties have arisen in cultivation. 


The fruit of Emblica officinalis is well known for its high Vitamin C con- 
tent and it has been used in Indian medicine from ancient times as a remedy 
for anemia, jaundice and dysentery. It is also made into pickles and pre- 
serves, and a wine made out of its juice is considered a specific for bronchial 
disorders. 


The first report on the chromosome number of Emblica officinalis was 
made by Perry (1943) who found the somatic number of it to be 2” = 28. 


Much variation in size of fruit was noticed between wild and cultivated 
forms of Emblica officinalis grown in Lucknow. Three types—small, medium 
and large fruited, were observed. The present study was undertaken to see 
if there existed any chromosome difference between the small and the large 
fruited varieties, and if this difference in size was correlated with any differ- 
ence in the Vitamin C content of the fruits. 


To our surprise the lowest chromosome number in the Lucknow plants 
studied by us was found to be 2” = 98! This number was also found in 
the wild forms collected from regions as far apart as the Vindhyas and scrub 
jungles of Coimbatore and Malabar. Thus the Emblicas of India are higher 
polyploids (2 = 98 = 14x) than the plant examined by Perry which is a 
tetraploid form. 


Seedlings from large and medium fruited varieties when examined cyto- 
logically showed chromosome numbers varying from 2 = 98-104. They 
are, therefore, to be considered as aneuploid segregates from the 14 x type 
which have been evidently selected for cultivation for their large-sized fruits. 


Determination of ascorbic acid in the fruit samples of small, medium 
and large fruited Emblicas were made in the Laboratory of the Central Drug 
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Research Institute, Lucknow, through the courtesy extended to us by the 
Director for which we record our thanks. 


For purposes of determining the ascorbic acid in the fruit, samples from a 
wild Lucknow tree with very small fruits, as also two local cultivated varieties 
with medium and large were selected (Fig.). All the fruits examined were fully 
ripe and analysed at the same time to avoid errors due to extraneous factors 
and the table below gives the comparative value of Vitamin C in all the three 
types. 


Analysis of Emblica officinalis Gaertn. for ascorbic acid 








| 
| . 
No. of |. | Weight of pulp | Motal ascorbic Total ascorbic 
Size fruits per be > of 10 <“¥ from 10 fresh | acid in 10 fruits jacid in 100 gm. of 
seer ruits (in gm. fruits (in gm. (in mgm.) | fruit (in mgm.) 
| 
Large ee 34 | 261-20 239-64 | 2350-94 } 900-07 
Medium *° 64 } 157-40 133-02 | 1,373-01 | 872-302 
Small «-| 156 | 60-887 52-948 | 250-58 411-549 








It is evident from the above that ascorbic acid content is directly pro- 
portional to the size of the fruits. For a given number of fruits Vitamin C 
content is greatest in the largest form and least in the smallest one. However 
when a given weight of fruit is taken into consideration, the smallest form 
still has the least Vitamin C content, whereas there is no significant variation 
between the medium and the larger forms. 


The most common basic number in Phyllanthoidee seems to be x = 7. 
Perry (1943) has determined the diploid number of Phyllanthus carolinensis 
as 2n= 28, while Arora (unpublished) has recorded 2n = 56 for 
P. maderaspatensis L., a shrub of medicinal importance grown in South 
India. However, Raghavan (1957) has reported 2 n = 26 in the herbaceous 
Phyllanthus niruri L. and 2n = 52 in P. urinaria L., a closely related species. 
Thus the herbaceous species seem to have a different basic number (x = 13) 
than the arboreal types which have x = 7. 


So far no polyploids below 14 x have been observed in Emblicas of India. 
The survey of wild Emblica officinalis from different parts of India is being 
continued to see if intermediate chromosome races with numbers between 
2n = 28 and 2n = 98 exist anywhere in our sub-continent. 


SUMMARY 


Emblica officinalis collected from various parts of India was found to 
have chromosome number 2 = 98 = 14x and is therefore a much _ higher 
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polyploid than the one reported on by Perry which is a tetraploid 2n = 28. 
Cultivated forms of Emblica officinalis have variable numbers ranging from 
2n = 98 to 2n = 104 and these have larger fruits. A comparative analysis 
of Vitamin C content of wild and cultivated varieties is given. Ascorbic 
acid content is found to be directly proportional to the size of the fruit and 
fruit size is correlated with the presence of a few extra chromosomes in the 


already high polyploid. 
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1. INTRODUCTION 


THE bearing of the study of the wings and wing venation in insects is quite 
obvious from the classification and evolutionary point of view. It provides 
one of the most useful characters for purposes of identification as well as 
in determining the phylogenetic relationships of the groups. The wing vena- 
tion of Chilo zonellus, Chilotrea infuscatellus and C. auricilia was described 
by Gupta (1940) with a view of comparing it in different species but his de- 
scriptions are rather brief and incomplete. Kapur (1950) based the identifica- 
tion of the crambinid moths of sugarcane on the characters like genitalia 
and the wing venation, but he too did not describe the wing coupling, arti- 
culation, tegule and the notal sub-tegular wing processes. Imms (1951) 
besides pointing out the importance of the wing venation in insects has also 
described the sexual differences in wing couplings. Krishnamurti and Usman 
(1952) described only the difference in the wings in case of Sesamia inferens 
in regard to the sexual difference. Jepson (1954) has discussed and described 
the fundamental differences in case of Emmalocera depressella and Sesamia 
inferens belonging to the family Pyralide and Noctuid@ respectively. He has 
also stated that the wing venation is subject to apparent parallel variations 
in widely separate groups and it should be used with caution. 


The present work is the fourth of the series of papers intended to serve 
as a basis for the study of the comparative anatomy of eight different species 
of sugarcane moth borers. It includes detailed study of the wing venation, 
wing coupling and the axillary sclerites besides the structure of the tegule 
and the notal sub-tegular wing processes. As there was no detailed informa- 
tion available on these structures of this particular group of insects (Pyralide 
and Noctuide), associated with sugarcane in our country, the present studies 
were undertaken with a view to providing some more characters, useful in 
the identification and tracing out the phylogenetic relationships of these 
insects. 


2. MATERIAL AND METHODS 


The moths of Scirpophaga nivella, Chilo zonellus, Chilotrea infuscatellus, 
C. auricilia, Emmalocera depressella, Sesamia inferens and Chilo tumidi- 
costalis were reared in the laboratory at the Sugarcane Research Institute, 
Pusa, Bihar, whereas those of Bissetia steniellus were supplied by the Cane 
Commissioner, Panjab, Entomologist, Panjab, and the Sugarcane Ento- 
mologist, Shahjahanpur. 


The study of the wings was carried on after detaching the wings from 
the dried and pinned up specimens. The fore wings of Scirpophaga nivella 
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and Emmalocera depressella and also the hind wings of all these species were 
treated as soft wings for removing their scales while the fore wings of Chilo 
tumidicostalis, C. zonellus, Chilotrea infuscatellus, C. auricilia, Bissetia steni- 
ellus and Sesamia inferens were treated in the manner described by Puri (1956) 
for the stiff wings. Permanent slides of the wings were prepared by staining 
the wings with eosin in 90% alcohol by keeping them overnight, dehydrating 
in absolute alcohol, clearing in cedar wood oil and finally mounting them in 
canada balsam as described by him. The photographs reproduced in the 
present paper are the direct microphotographs from their permanent slides. 


3. SHAPE AND STRUCTURE 
Fore Wing 


The Fore wing (Plate XXVI, Figs. 1-8) in sugarcane moth borers is 
generally somewhat elongate and triangular in shape with apical angles acute 
and the outer margins generally shorter than the inner ones except in case of 
Sesamia inferens where the two margins are more or less equal in length. In 
Scirpophaga nivella (Plate XXVI, Fig. 1) the outer margin is somewhat 
sub-rounded while the apical angle is acute and produced. In Chilo tumidi- 
costalis (Plate XXVI, Fig. 2) the outer margin is slightly bent inwards between 
M, and M; while in C. zonellus (Plate XXVI, Fig. 3) the outer margin is 
almost straight. The wings of C. tumidicostalis and C. zonellus are compara- 
tively wider than those of Chilotrea infuscatellus (Plate XXVI, Fig. 4) and 
C. auricilia (Plate XXVI, Fig. 5). The outer margin is somewhat narrow 
with apex rectangular in males and slightly more pointed in the females in 
case Of Bissetia steniellus (Plate XXVI, Fig. 6) as stated by Kapur (1950). 
The outer margins of the stem borer moths may be provided with a termen 
or series of black spots usually seven in number. These spots are broken 
externally by small silvery white points in Chilo tumidicostalis. The shape of 
the fore wing in Emmalocera depressella is typical for the species which is 
comparatively narrow than the fore wings of other sugarcane moth borers, 
with its outer margin narrowly rounded including the apical margins. The 
fore wing of Sesamia inferens (Plate XXVI, Fig. 8) is wide with its outer 
margin almost equal to the inner margin and the apical margin rounded. 


Hind Wing 

The hind wing (Plate XXVII, Figs. 1-8) is generally widely triangular, 
curved and rounded latero-posteriorly in these insects. In Scirpophaga nivella 
(Plate XXVII, Fig. 1) it is somewhat elongate and triangular with apical 


margins rounded. The apical margins are slightly produced in case of Chilo 
tumidicostalis (Plate XXVII, Fig. 2) and C. zonellus (Plate XXVII, Fig. 3) with 
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upper margins slightly rounded. In Chilotraa infuscatellus and C. auricilia the 
apical margins are produced with upper margins also produced (Plate XXVII, 
Figs. 4 and 5). The hind wing of Bissetia steniellus (Plate XXVII, Fig. 6) 
is elongate, comparatively narrower and triangular with apical margins 
slightly produced. In Emmalocera depressella (Plate XXVII, Fig. 7) the 
apical margin is narrowly rounded. The apical margin is produced curved 
or sub-rounded in case of Sesamia inferens (Plate XXVII, Fig. 8). 


4. COLOUR 
Fore Wing 


It is milky whitish with shining tinge in Scirpophaga nivella. It is cinna- 
mon brown with blackish tinge in Chilo tumidicostalis, and whitish straw 
brown to dirty brown in C. zonellus. It is greyish ochreous to straw coloured 
and straw coloured with greyish or blackish tinge in Chilotrea infuscatellus 
and C. auricilia respectively. It has been observed to be pale with greyish 
brown tinge in Bissetia steniellus. It is straw coloured with pinkish brown 
tinge in Emmalocera depressella and of normal buff yellow to pinkish colour 
in Sesamia inferens. 


Hind wing is whitish in all these species. 


5. VENATION 


The wing venation of Lepidoptera has so far been studied either accord- 
ing to the system adopted by Comstock and Needham (1898 and 1899) or 
by designating the veins by numerical system proposed by Hampson as stated 
and followed by Kapur (1950) and Jepson (1954). For describing the wing 
venation of the insects in the present paper the former system has been 
adopted because of the following reasons :— 


(1) It is rather confusing and unsymmetrical to use the same numerical 
number 8 denoting SC + R, in the hind wing which represents R, in the 
fore wing. 


(2) In the fore wing Ib represents the first anal while in the hind wing 
Ib means the second anal. 


(3) The maximum number of veins in the fore wing is twelve and is de- 
noted by twelve numericals while in the hind wing the eight veins are denoted 
by 8 numericals without explaining the particular vein to be missing. It 
appears therefore more advisable to use the nomenclature proposed by 
Comstock and Needham (loc. cit.). The comparative wing venation of these 
different species may be described in detail separately in the two wings. 
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the Fore Wing 

Tl, The vein SC receives the branch R, from the radial stalk and both fuse 
6 together to emerge as one single vein SC + R, on the anterior margin of the 
sins wing, in Scirpophaga nivella (Plate XXVI, Fig. 1). This is a diagnostic feature 
the of the species. In Chilo tumidicostalis (Plate XXVI, Fig. 2) and C. zonellus 
ved (Plate XXVI, Fig. 3) the vein SC does not receive the radial branch R, 


which remains free and braces the anterior margin of the wing. In Chilotrea 
infuscatellus and C. auricilia (Plate XXVI, Figs. 4 and 5) radial branch R, 
passes quite close to the vein SC that one can easily assume their fusion 
before these emerge as two separate veins SC and R, on the anterior margin 
of the wing. A similar observation was recorded by Gupta (1940) in case 


7 of Chilotrea auricilia (Diatrea auricilia). The present author has observed 

red this character to be present in Chilotrea infuscatellus and not in C. auricilia, 

lus In Bissetia steniellus (Plate XXVI, Fig. 6) SC and R, cross each other with 
ish these veins across forming an X-shaped cross. Both SC and R, do not reach 
wn the costal margins. The presence of this X-shaped cross is a diagnostic 
ur feature to separate this species from the rest of crambinid moths. In Emmalo- 
cera depressella (Plate XXVII, Fig. 7) SC and radial branch R, remain free 
and widely apart throughout as also is the case in Sesamia inferens 

(Plate XXVII, Fig. 8). 
The vein R, originates from the radial stalk at a point before the upper 
end of the cell in Scirpophaga nivella, Chilo tumidicostalis, C. zonellus, Chilo- 
rd- trea auricilia, Bissetia steniellus and Sesamia inferens while in Chilotrea 

S infuscatellus it orignates just from the anterior corner of the cell. In Emmalo- 

ied cera depressella it originates much before the upper corner of the cell. 

a The vein R, arises from the common radial stalk from the anterior and 
upper corner of the cell and later on bifurcates into R; and R, in all the 
species except in Sesamia inferens where R, originates from a common stalk 

cal of Rs, R, and R;. This common stalk along with an extension branch of R, 

he contributes in the formation of a typical areole or closed cell above the main 
cell. The presence of this cell above the main cell is a diagnostic feature 

ng for the identification of this particular species of sugarcane moth borers. 
R, originates from the radial stalk just from the anterior corner of the 
le. cell in all the species except in Emmalocera depressella and Sesamia inferens. 

a In the former it is completely obliterated while in the later it originates from 

It the common stalk before it fuses with the extension branch of R, to close 

by the cell. 

ase M, seems to arise from the lateral side of the cell in all the cases. Mg, 


M,;, CU 1a and CU 1 b all are the by-products of the main cubital stalk 
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Originating from the base of the wing. Traces of CU, may be visible in 
Scirpophaga nivella and Bissetia steniellus as incomplete short veins. It may 
also be partly developed as a faint fold in Chilo tumidicostalis, C. zonellus 
and Chilotrea auricilia. It is completely untraceable in Sesamia inferens. 


A, is present in all the species while A, and A; are absent. The traces 
of A, may, however, be found as partly developed veins at the base of the 
wing in all except in Scirpophaga nivella and Sesamia inferens, showing thereby 
that the ancestors of these insects had A, also well developed which these 
have lost during the course of evolution. 

Hind Wing 

SC + R, and RS arise somewhat free but anastomose closely beyond 
the cell and diverge again into SC + R, and RS in all the species except in 
Bissetia steniellus, Emmalocera depressella and Sesamia inferens where 
SC + R, and RS appear to diverge from a fused common stalk. In the 
former case M, originates from the base as a free vein, joins RS through a 
small branch before emerging into M,. In E. depressella M, appears to 
originate from the common stalk of SC + R, and RS beyond the cell, as 
is the case in Scirpophaga nivella. In Sesamia inferens M, originates from 
RS just at the angle of the cell. M, seems to show a tendency of losing con- 
nection with the main stalk of M, in Chilo tumidicostalis and C. zonellus 
while in Chilotrea infuscatellus and C. auricilia the connections are distinct, 
(Plate XXVII, Figs. 4 and 5). 


The veins Mz, Ms, CU 1a and CU 15 all appear to arise from the com- 
mon composite stalk but the point of origin of CU 1 a determines the identi- 
fication of Emmalocera depressella to some extent. M, and M, originate 
from the posterior angle of the cell and remain free in Scirpophaga nivella. 
Both M, and M, arise in a common short stalk beyond the cell in Chilo 
tumidicostalis and C. zonellus (Plate XXVII, Figs. 2 and 3), as is the case in 
Chilotrea infuscatellus (Plate XXVII, Fig. 4) and Sesamia inferens (Plate 
XXVII, Fig. 8). In Chilotrea auricilia (Plate XXVII, Fig. 5) M, and Ms; arise 
from a common stalk just from the posterior corner of the cell. In Bissetia 
steniellus (Plate XXVII, Fig. 6) M, and M, diverge a little after the posterior 
angle, just outside the cell while in E. depressella (Plate XXVII, Fig. 7), Mz 
and M, diverge from a long common stalk far from CUla, and the 
posterior corner of the cell. This character helps to separate this particular 
species from other. 


The position of CU 1a and CU 15 has been observed to be another 
valuable character which helps in the identification of E. depressella. Both 
CU 1a and CU 15 diverge from the common stalk of CU15b, CU1a, M, 





Studies on the Anatomy of Sugarcane Moth Borers—IV 321 


and M, before the posterior angle of the cell, before the cross-vein PTV joins 
the common stalk, in all the species except in E. depressella where CU la 
emerges from the common cubital stalk either from beyond the posterior 
angle of the cell or just from the posterior angle itself after the cross-vein PTV 
joins the common stalk. 


Cross-vein PTV may not be fully developed in some species like that of 
Scirpophaga nivella and Bissetia steniellus. CU 2 has been observed to be 
absent in all the species although the traces of this vein may appear as an 
incomplete or feebly developed folds in some of these species like that of 
Sesamia inferens. 


The anal veins A,, A, and Ag are all present in all the species. 


Angle PTV is a right angle in Chilo tumidicostalis and an acute angle in 
Chilo zonellus, Chilotrea infuscatellus and nearing a right angle in Emmalocera 
depressella, Chilotrea auricilia and Sesamia inferens. 


6. COUPLING 


It is the frenate type of wing coupling which is prevalent in the sugarcane 
moth borers. 


(a) Frenulum 


The Frenulum (Plate XXVIII and XXIX, Figs. 1-8) has been observed 
to consist of usually a number of strong spine-like bristles or spines 1 or 3 in 
number,the former being common in the males while the latter in the females. 
It is only in Scirpophaga nivella and Emmalocera depressella that we observe 
no sexual difference whatsoever in regard to this structure, the number of 
spines constituting the frenulum being one both in male and the females. In 
all other species, viz., Chilo tumidicostalis, Chilo zonellus, Chilotrea infuscatellus, 
C. auricilia, Bissetia steniellus and Sesamia inferens the frenulum in the males 
consists of a single stout spine while in the females the number of spines con- 
stituting the frenulum is three. It has, however, been observed in case of 
Chilo tumidicostalis that sometimes there exists an extra or an additional 
thin spine-like bristle in the females showing thereby that probably the 
ancestors of these insects possessed more spines in the frenulum. 


(b) Retinaculum 


The retinaculum in both male and female of Scirpophaga nivella (Plate 
XXVIII, Fig. 1; Plate XXIX, Fig. 1) has been observed to consist of a group 
of stiffened hairs or scales on CU 1 which extends up to SC in certain cases. 
The hook-like catch may or may not be well developed, but it does exist 
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as a deep groove at the base of stiffened hairs. In Chilo tumidicostalis the 
retinaculum is also of double type and in the female one can observe a chiti- 
nous hook (Plate XXIX, Fig. 2). Here also one has to admit that it arises at 
the base of CU 1 and lies in between the bases of CU 1 and SC and not on 
SC as stated by Imms (1951). In Chilo zonellus the chitinous hook (Plates 
XXVIII and XXIX, Figs. 3) is again seen to be developed in the male as well 
as in the female. The greatest type of development of retinaculum has been 
observed to exist in Chilotrea infuscatellus in the male (Plate XXVIII, Fig. 4). 
It is comparatively poorly developed in the female (Plate XXIX, Fig. 4). In 
Chilotrea auricilia it is poorly developed in both male as well as in the 
female (Plates XXVIII, and XXIX, Figs. 5, 5). It is also developed in both the 
sexes Of Bissetia steniellus (Plate XXVIII, and XXIX, Figs. 6, 6). It is also 
well developed in Emmalocera depressella (Plates XXVIII and XXIX, 
Figs. 7, 7) and in Sesamia inferens (Plates XXVIII and XXIX, Figs. 8, 8). 
From the above observations it may be concluded that chitinous hook-like 
retinaculum in addition to the stiffened hairs in these insects may or may 
not be well developed and does not exhibit sexual dimorphism as stated 
by Tillyard (1918) and Imms (1951). 


7. Sex DIFFERENCE 






























































According to Imms (Joc. cit.) the frenulum as well as retinaculum exhibit 
sexual differences in the order Lepidoptera. It was found to be true for 
frenulum in case of Chilo tumidicostalis, C. zonellus, Chilotrea infuscatellus, 
C. auricilia, Bissetia steniellus and Sesamia inferens but was not so in cases 
of Scirpophaga nivella and Emmalocera depressella where the frenulum in 
both the sexes constitutes a single stout spine. 


As regards the retinaculum, it is not at all a dependable character for 
sexual difference in these species as it does not appear to be a constant feature 
correlated to the sex, and can be said to be present in both the sexes in all 
the species. 





























8. ARTICULATION 


Several axillary sclerites of the articular membranes are responsible for 
the attachment of the wings to the body (Plate XXX, Figs. 1-8). The mode 
of attachment of wings in these insects is similar to other insects. The anterior 
margin of the base of the fore wing articulates with the base of the costal vein 
through the humeral plate. The first axillary sclerite lies close to the anterior 
notal wing process and articulates with the thorax at this point. It is not 
exactly caudad of the humeral plate and is removed closer to the thorax. 
The first axillary articulates with the lateral margin of the suralare and the 
head of the sub-costa anteriorly while posteriorly it articulates with the adno- 
tale. Antero-laterally it articulates with the second axillary which also arti- 
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culates with the radial vein. Its ventral surface rests upon the pleural wing 
process. The third axillary articulates with the second axillary antero- 
laterally and with the fourth axillary posteriorly which apprarently appears 
to be a detached portion of the third one. The fourth axillary articulates 
with the posterior notal wing process. The proximal and the distal median 
plates occupy their usual positions. Similar articular axillary sclerites occur 
in the hind wing with the exception of the humeral plate, the distal median 
plate and the fourth axillary. 


9, TEGULZ AND THE NOTAL SuUB-TEGULAR WING PROCESSES OR ARMS 


Snodgrass (1909) described tegule to be very characteristic of the order 
Lepidoptera where each is carried on a special tegular plate of the notum 
supported by means of a tegular arm arising from the base of the pleural 
wing process as stated by Comstock (1948) and Imms (Joc. cit.). Later (1935) 
he described “‘ tegule to be large, scale-like lobe overlapping the base of 
the fore wing in some insects; usually represented by a small setigerous pad 
or lobe (tg) at the anterior root of t ~ wing base’. The present author 
agrees with Snodgrass (/oc. cit.) that the tegula is a small pad or knob-like 
structure at the anterior root of the wing base but differs from his former 
part of the statement that it overlaps the base of the fore wing. Similarly 
he differs from Snodgrass (1909), Balfour Brown (1932), Madden (1944), 
Comstock (1948) and Imms (1951) so far the position and status of tegule 
as described and illustrated by them. According to the present author the 
notal sub-tegular wing processes or arms are not exactly the tegule as illus- 
trated and described by them in case of Lepidoptera but are some different 
structures associated with the thorax and not with the wings. It seems 
obvious that there has been much confusion regarding the status and position 
of these structures in the past and no one seems to have clarified this point 
so far. The author’s findings are described as under. 


Tegule 


The knob-like or lobe-like tegule, covered with scales, are situated 
at the anterior root of the wing base in all these species (Plate XXX, Figs. 
1-8). These are quite similar in form. 


Notal sub-tegular wing processes 


These may be described, according to the present author, as large, flat 
flaps curved antero-laterally in order to pass beneath the base of the fore 
wing with their ventral edge touching behind the tegula proper. These pro- 
cesses bend backward with their antero-lateral sides maintained below the 
wing base of the fore wing. The lateral edge supports the tegula situated 
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at the anterior root of the wing base of the fore wing. These processes 
have been observed to maintain various shapes and the general characteri- 
sation of these, although difficult to make out, has been described in 
different species for these may be helpful to some extent in the identification 
of different species. These articulate with the anterior notal wing process 
dorso-laterally (Plate XXXI, Figs. 4, 5 and 7). The entire wing base of the 
fore wing rests in the curve of this structure between its ventral and dorsal 
folds while the hind wing is covered over by the posterior long arm of 
this structure. Posteriorly these structures also articulate with the posterior 
notal wing process of the thorax. It is probable that the entire structure is 
provided to restrict the movements of the wings in different directions 
beyond certain limits which would affect the flight otherwise. 


In Scirpophaga nivella (Plate XXXI, Fig. 1) the notal sub-tegular wing 
process is a flat structure with its antero-dorsal and ventral edges blunt. In 
Chilo tumidicostalis and C. zonellus (Plate XXXI, Figs. 2 and 3) the antero- 
ventral end of these structures is obtuse and rectangular which fits behind the 
tegule proper, and with posterior arms comparatively longer and provided 
with a notch or curve mesially. In Chilotrea infuscatellus and C. auricilia 
(Plate XXXI, Figs. 4 and 5) these structures are somewhat similar to the 
structures of Chilo species while in Bissetia steniellus (Plate XXXI, Fig. 6) it is 
with a blunt rectangular end ventrally and a sub-rounded end dorsally. 
Moreover, the posterior arm of this structure in this species is rather the 
longest and comparatively straight unlike the others which are slanting and 
not vertical. In Emmalocera depressella (Plate XXXI, Fig. 7) both the ends 
the dorsal as well as the ventral anterior ends may be quite sharp while in 
Sesamia inferens the anterior portion as a whole is comparatively much 
reduced into a sharp thin process ventrally and the dorsal fold or process is 
rather indistinct and rounded in continuation with the lateral edge of the 
posterior arm which is otherwise like those of other crambinid moths 
described above. 


The area on the sides of the mesoscutum which lies in between the meso- 
;cutum and the axillary sclerites may be called the sub-tegular region. 


10. DIAGNOSTIC CHARACTERS 


Some of the characters in the wings of different species under study 
have been observed to be quite helpful in separating these species from one 
another and have already been described and discussed above. Such dia- 
gnostic characters have been compared and described in Table I. These 
include the wing venation in fore and hind wings in detail and sexual dimor- 
phism in frenulum besides the colour and structure of the wings. 
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TABLE I 


(Showing Diagnostic Characters in Different Species) 





Species 


Particulars of Characters 





Scirpophaga nivella 


Colour milky white with shining tinge. SC receives 
R, from the radial stalk and both fuse together 
to emerge as one single vein SC+R,. M, 
originates from the vein RS beyond the cell. M, 
and M, both free, originate from the posterior 
angle of the cell. The number of spines constitut- 
ing the frenulum is | both in males as well as in 
females. 





Chilo tumidicostalis 


Colour cinnamon brown with blackish tinge. SC 
and R, do not fuse and remain separate. M, 
originates from RS before the anterior angle of 
the cell. M, and Mj, both arise in a common 
short stalk beyond the cell. Sexual dimorphism 
in frenulum well pronounced. The number of 
spines constituting the frenulum in the males and 
females being 1 and 3 respectively. 





Chilo zonellus 


Colour whitish straw brown to dirty brown. Apical 
angle of the fore wing acute and outer margins 
straight unlike C. tumidicostalis which are slightly 
curved or bent between M, and M3. 





Chilotrea infuscatellus 


Colour greyish ochreous to straw coloured. Upper 
and apical margins produced. R, passes quite 
close to SC and appears to meet before these 
emerge as separate veins SC and R,; the number 
of spines constituting the frenulum in males and 
females being 1 and 3 respectively. 





Chilotrea auricilia 





Straw coloured with greyish or blackish tinge. SC 
and R, do not fuse but pass quite close to each 
other and emerge as separate veins. M, origi- 

nates from RS after the angle of the cell. M, 

and M,j arise from the common stalk at the posterior 

corner of the cell but are free and separate. 

The number of spines constituting the frenulum 

is 1 in the males and 3 in the females. 











Species Particulars of Characters 





Bissetia steniellus .. Pale with greyish brown in colour. Margins of 
the fore wings long and narrow, rectangular apex 
in males and slightly more pointed in females. 
Apical margins are slightly produced. SC and R, 
cross each other with these veins across forming 
an X-shaped cross. SC and R, both do not reach 
the costal margin. M, originates from the base 
as a free vein, joins RS through small branch before 
emerging into M,; the number of spines constitut- 
ing the frenulum being | in males and 3 in females 
respectively. 





Emmalocera depressella .. Straw coloured with pinkish brown tinge. Outer 
margins of the fore wings narrowly rounded includ- 
ing the apical margins. SC and R, remain free 
and widely apart. R,; absent. M, originates 
from the common fused stalk of SC + R, and RS. 


CU 1a originates either from 4 point beyond the 
posterior angle of the cell or just from the angle 
itself before cross vein PTV joins the main cubital 
stalk. CUl1d originates from behind the posterior 
angle of the cell. M, and M, arise from a long 
common stalk. The number of spines constituting 
the frenulum being 1 in both the sexes. 





Sesamia inferens .. Normal buff yellow to pinkish in colour. Outer 
margins of the fore wings almost equal to the inner 
ones in length. Apical margins produced and 
curved or sub-rounded. SC and R, remain free. 
Closed areole or cell formed by the branches of 
radial stalk distinctly present. R, present but 
originates in common stalk with R, and Ry. M, 
originates from RS just at the angle of the cell. 
M, and M, arise from a common stalk. The 
number of spines constituting the frenulum being 
1 and 3 in males and females respectively. 
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11. SUMMARY AND CONCLUSIONS 


1. The wing venation of eight different species of sugarcane moth 
borers, viz., Scirpophaga nivella, Chilo tumidicostalis, C. zonellus, Chilotraa 
infuscatellus, C. auricilia, Bissetia steniellus, Emmalocera depressella and 
Sesamia inferens has been studied and described in detail. 


2. A detailed study of the wings based on their shape, structure, colour 
and venation is presented with particular reference to the identification of 
different species of sugarcane moth borers. 


3. The colour of the fore wings has been observed to change always 
when the specimens are preserved in dry condition and as such it cannot be 
considered as a reliable character for their identification under any circum- 
stances. The colour of the hind wing is almost white in all cases. 


4. Wing coupling apparatus has been studied and described in detail 
with a view to finding its bearings on the identification of these insects. It 
has been observed that generally the double type of retinaculum is present 
in almost all the species. The frenulum has been observed to constitute 
three stout spines in the males except those of Scirpophaga nivella and 
Emmalocera depressella where both the sexes have frenulum of one stout spine. 


5. The articulation of the wings is similar to that found in other Lepi- 
doptera and four axillary sclerites have been observed to be present. 


6. The structure of the tegule is somewhat similar in all species and 
is a lobe-like or knobbed structure at the anterior root of the fore wing. 
The so-called tegule of the various Lepidopterists have been observed to have 
no connection or association with the wings and are rather a part of the notum 
in the opinion of the author. These have been named as notal sub-tegular 
wing processes. 


7. The structure of the notal sub-tegular wing processes or arms has 
been studied and described in different species. These structures articulate 
with the thorax at two different points, viz., the anterior notal wing process 
and the posterior notal wing process. Anteriorly each tegula may be bent 
backward to overlap the wing base of the fore wing which probably checks 
the lose movements of the wings beyond certain limits which may affect the 
flight of the wings otherwise. These structures may render sometimes a use- 
ful feature for the identification of these sugarcane moth borers. 


8. Finally a table depicting diagnostic features based on the charac- 
ters of wings of different species has been furnished. 
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EXPLANATION OF PLATES 


PLATE XXVI. Fore Wings 
Fic. 1. Scirpophaga nivella. 
Fic. 2. Chilo tumidicestalis. 
Fic. 3. Chilo zonellus. 
Fic. 4. Chilotrea infuscatellus. 
Fic. 5. Chilotrea auricilia. 
Fic. 6. Bissetia steniellus. 
Fic. 7. Emmalocera depressella 
Fic. 8. Sesamia inferens. 
PLATE XXVII. Hind Wings 
Fic. 1. S. nivella. 
Fic. 2. Chilo tumidicostalis. 
Fic. 3. C. zonellus. 
Fic. 4. Chilotrea infuscatellus. 
Fic. 5. C. auricilia. 
Fic. 6. Bissetia steniellus. 
Fic. 7. Emmi locera depressella. 
Fic. 8. Sesamia inferens. 
PLaTe XXVIII. Retinaculum and Frenulum (Male) 
Fic 1. Scirpophaga nivella. 
Fic. 2. Chilo tumidicostalis. 
Fic. 3. C. zonellus. 
Fic. 4. Chilotrea infuscatellus. 
Fic. 5. C. auricilia 
Fic. 6. Bissetia steniellus. 
Fic. 7. Emmalocera depressella. 
Fic. 8. Sesamia inferens. 
PLATE XXIX. Retinaculum and Frenulum (Female) 
Fic. 1. S. nivella. 
Fic. 2. Chilo tumidicostalis. 
Fic. 3. C. zonellus. 
Fic. 4. Chilotrea infuscatellus. 
Fic. 5. Chilotrea auricilia. 
Fic. 6. Bissetia steniellus. 
Fic. 7. Emmalocera depresselle. 
Fic. 8. Sesamia inferens. 
PLate XXX. Axillary Sclerites, Bases of the Fore Wings and the Position of 
Notal Sub-Tegular Wing Processes 
Fic. 1. S.nivella. 


Fic. 2. Chilo tumidicostalis. 
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C. zonellus. 
Chilotrea infuscatellus. 
C. auricilia. 

Bissetia steniellus. 
Emmalocera depressella. 
Sesamia inferens. 


PLaTE XXXI. 
S. nivella. 
Chilo tumidicostalis. 
C. zonellus. 


Chilotrea infuscatellus. 
C. auricilia. 

Bissetia steniellus. 

E. depressella. 


Sesamia inferens. 





Notal Sub-Tegular Wing Processes 
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INTRODUCTION 


Noctiluca miliaris (Suriray) are widely distributed in the tropical and tem- 
perate seas and under favourable conditions they rapidly reproduce by binary 
fission resulting in the production of great masses of individuals particularly 
in the inshore waters. The countless numbers thus produced, by their accu- 
mulation, impart a reddish, pinkish or greenish (if the Noctiluca have the 
green flagellates in them) colour to the surface waters. There are several 
reports of such swarming from various parts of the world but except in a few 
instances the mere swarming of these does not seem to have caused any wide- 
spread mortality of the marine fauna. 


Along the coasts of India Noctiluca are extremely common and some 
of the effects of their swarming on fishes and fisheries have been reported 
by Aiyar (1936), Bhimachar and George (1950) and Prasad (1953). The 
causes responsible for these great outbreaks are not fully known, but accord- 
ing to Brongersma-Sanders (1948) regions where there is rapid replacement 
of nutrients resulting in their high concentration and consequent phytoplank- 
ton production are the obvious places of great outbreaks of Noctiluca as 
these organisms are holozoic and feed on phytoplankton. Among these 
regions, she considers those of upwelling near the coast to be by far the most 
important. Prasad and Jayaraman (1954) made preliminary observations 
on certain changes in the plankton and hydrological conditions associated 
with the swarming of Noctiluca in the environs of Mandapam. These studies 
were continued by the present author to ascertain the conditions which favour 
swarming, the feeding habits of Noctiluca and their possible effects on the 
plankton community and fisheries. 


* Published with the permission of the Chief Research Officer, Central Marine Fisheries 
Reserach Station, Mandapam Camp. 
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OCCURRENCE, FOOD AND FEEDING HABITS 


The occurrence of Noctiluca in Palk Bay and the Gulf of Mannar during 
the years 1952-56 is shown in Table I. In all these years only the *‘ green 
Noctiluca’ were present in this area and they were more abundant (except 
in 1954) in Palk Bay where, it is interesting to note, in 1952 a large population 
persisted for a considerable period of time. In general, the population of 
Noctiluca showed a decline from 1952 up to 1954, then it increased in 1955 
and again decreased in 1956. Further, it will be seen from Table I that 
there are marked differences in the time of occurrence and magnitude of 
populations between the areas and also within the same area from year to year, 


The factors which create conditions favourable for swarming are not 
fully understood but the present study has clearly revealed two conditions 
which are essential. Firstly, it has been observed locally that Noctiluca are 
able to multiply rapidly and form swarms only when calm conditions pre- 
vail in the area. Turbulent conditions seem to be not only unfavourable 
for their rapid growth and accumulation to form swarms but even large popu- 
lations which are sometimes brought into turbulent areas do not seem to 
remain there for any length of time. Secondly, there is a definite indication 
that swarming is closely associated with diatom blooms which themselves, 
in this area, coincide with the calm conditions following turbulence and con- 
sequent replenishment of nutrient salts from the bottom. The available data 
suggest that if Noctiluca are presentin an area where there is rich diatom 
population or if they are carried into such regions, they rapidly multiply and 
form swarms provided the sea is calm; the magnitude of the population 
depending upon the richness of the diatom population. If, on the other hand, 
the diatom population is low in the particular area swarms are not formed 
and even large populations brought into regions of low diatom production 
rapidly decrease in number. The diatom cycles and the periods of turbulence 
in Palk Bay and the Gulf of Mannar are different (see Prasad, 1958) and the 
observed differences in the occurrence, time of maxima and magnitude of 
population of Noctiluca between the two regions can be explained in terms 
of the two main factors mentioned above which seem to control to a very large 
extent the swarming. It should be pointed out here that although the hydro- 
logical conditions of the environment show certain changes during the actual 
swarming of Noctiluca (Prasad and Jayaraman, 1954) it has not been possible 
to detect any changes in the physico-chemical or biological conditions of the 
environment which precede and would thus forewarn these outbursts. 


Noctiluca are known to be voracious feeders engulfing particulate food 
such as diatoms and other small organisms. Devanesan (1942) remarked 
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that Noctiluca are competitors for the food of oil-sardines, as both feed on 
diatoms such as Coscinodiscus, Nitzichia and Fragillaria. Recently, Enomoto 
(1956) reported that in the waters adjacent to west coast of Kyushu in 
Japan Noctiluca scintillans (Macartney) feed on a variety of diatoms, pro- 
tozoa, cladocerans, copepods, Oikopleura and fish eggs, the chief food being 
diatoms. The Noctiluca occurring in this locality feed mostly on several species 
of diatoms and to a small extent on zooplankters. Plate XXXII (Photos 1- 
12) shows a selected number of organisms which form the food of Noctiluca. 
Among the ingested diatoms the following could be definitely identified: 
Melosira sulcata, Rhizosolenia sp., Bacteriastrum hyalinum, Chatoceros diversus 
and Chetoceros spp., Triceratium favus, Biddulphia sinensis and Biddulphia 
sp., Grammatophora sp., Climocosphenia elongata, Thalassionema nitzschi- 
oides, Thalassiothrix frauenfeldii and Pleurosigma normanii. It is likely that 
they feed on many more species of diatoms because in several cases the 
diatoms were so far digested that identification was not possible. In addi- 
tion to the diatoms the Noctiluca were found feeding on tintinnids (Tintin- 
nopsis nordgqvisti, T. gracilis, T. tocantinensis, Codonella ostenfeldii and Cyttaro- 
cylis ehrenbergi), pelagic eggs of copepods and copepods, mostly the smaller 
ones. A few instances of their feeding on Oikopleura sp., Sagitta sp. and 
gastropod and lemellibranch larve were also noticed. No instance of 
feeding on fish eggs was noticed so far. In spite of the variety, diatoms un- 
doubtedly form the most important item of food. This agrees with the 
observations of Enomoto (1956) who noticed that about 90 per cent. of the 
food of N. scintillans were diatoms and the rest zooplankton, chiefly micro- 
copepods. From these observations it becomes clear that the main food of 
Noctiluca is diatoms and that feeding is apparently not selective. The zoo- 
plankters can be considered only as subsidiary food. 


SWARMING AND Its EFFECTS ON THE PLANKTON COMMUNITY 
AND FISHERIES 


In the light of the above-mentioned facts and considering the enormous 
number of Noctiluca that occur during the time of swarming, it is important 
to examine how far the swarm conditions will affect the diatom population, 
which forms the main source of food either directly or indirectly of fish, and 
ultimately the fisheries of the particular area. It was shown by Prasad and 
Jayaraman (1954) that when there is swarming of Noctiluca there is a signifi- 
cant reduction in the diatom population, the level being reduced almost to 
nil. This‘is evidently brought about by the voracious feeding of a vast 
number of Noctiluca. The number of Noctiluca when they occur in swarms 
is so large that within a relatively short period the diatoms are grazed down. 
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Such a rapid reduction in the diatom population will seriously affect the other 
grazers and it has been observed that during the swarming of Noctiluca there 
is a marked reduction in the other zooplankters which usually occur in the 
area, particularly the copepods (see Prasad and Jayaraman, 1954). It is 
likely that this is due to the ‘ exclusion mechanism’ operating. Noctiluca, 
like some of the other flagellates, may be toxic or may produce ectocrines 
which are toxic and an almost monospecific swarm of such an organism is 
capable of excluding other organisms. Perhaps in addition to this, the 
absence of other animals, particularly the copepods and other grazers, in 
the area of Noctiluca swarms is due to the lack of diatoms in such areas. 
Bainbridge (1953) suggested that the exclusion mechanism as a means of 
producing inverse relationship is of restricted occurrence and that “ It would 
well be envisaged as operating where there are intense, often monospecific, 
blooms of some toxic flagellate, as for example Goniaulax.” However, the 
absence of copepods or for that matter the other zooplankters in general in 
the area of Noctiluca swarms cannot be attributed to predation, for, as 
pointed out previously, zooplankters form only a negligible portion of the 
diet of Noctiluca and the fact remains that there is a significant reduction in 
the ‘useful components’ of the plankton. Almost immediately on the 
decrease in the number of Noctiluca, the conditions return to normal; the 
diatoms begin to appear followed by the zooplankters. 


These abrupt changes in the planktological conditions are reflected on 
the fish and fisheries. As stated earlier, it is quite unlikely that mere swarm- 
ing of Noctiluca in an area will cause mortality of the fauna of that locality 
but it definitely causes certain adverse effects on the fisheries of that region 
(see Bhimachar and George, 1950; Prasad, 1953 and Nakai, 1954). The 
available information shows that the negative indication during the swarm- 
ing of Noctiluca is chiefly confined to the clupeoids and possibly also to 
a few other pelagic shoaling fish like the mackerel. Bhimachar and George 
(1950) observed that along the west coast of India the shoaling species, the 
chief among them being the mackerel and allied forms, sardines and 
anchovies, did not appear in ‘red water’ caused by Noctiluca. Locally the 
negative indication was very clear in the case of clupeoids. It should be 
mentioned that forms like the silver-bellies (Leiognathus spp.) which are also 
plankton feeders and which constitute another important fishery of this area 
are not adversely affected. This is presumably because the clupeoids feed 
mostly at the surface, where the Noctiluca also concentrate resulting in the 
absence or exclusion of the ‘ useful components’ of plankton which form 
the food of these fishes, while the silver-bellies are column feeders and con- 
sequently are not affected by the swarming. Regarding the effect of swarm- 
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ing on the mackerel fishery of this area it is not possible to make a definite 
statement because although mackerel do occur in this neighbourhood there 
is no regular mackerel fishery as such and only relatively small shoals appear 
here. . There is, however, some indication that the catches are poorer when 
there is a swarming of Noctiluca. As sardines, anchovies and mackerel to- 
gether form a very important fishery resource of India, the swarming of 
Noctiluca will have disastrous consequences if it coincides with the time and 
place of these fisheries. 


Nakai (1954) remarked that Noctiluca can be useful as it “ reveals fishing 
grounds of sardines through phosphorescence at night.” At the same time 
he remarked that these can affect the catches because “fish evades the nets 
through luminosity.” 

SUMMARY AND CONCLUSIONS 


It becomes evident from the above facts that the effects of Noctiluca 
swarms on fisheries are more adverse than beneficial. Swarming takes place 
only when the sea is calm and there is an abundant supply of diatoms, the 
outbursts being usually preceded by diatom blooms. Noctiluca voraciously 
feed on several species of diatoms and to a very small extent on some of the 
smaller zooplankters. The presence of a large number of Noctiluca in an 
area seems to exclude other zooplankters, particularly the copepods. The 
rapid grazing down of diatoms and the exclusion of other zooplankters result 
in an almost monospecific population of these abnoxious cystoflagellates. 
Such a plankton adversely affects the important fisheries for sardines, ancho- 
vies, mackerel, etc., as these fishes do not occur in the presence of Noctiluca 
swarms. The negative indication continues as long as the swarms persist 
but transient swarms do not seriously affect either the plankton community 
or fisheries. 
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PHOTOGRAPHS I-12 show Noctiluca with various ingested organisms. 1. Melosira sulcata. 
2. Bacteriastrum hyalinum. 3. Chaetocercs diversus. 4. Biddulphia sp. 5. Grammatophora 


sp. 6. Climacosphenia elongata. 7. Pleurosigma normanii. 8. Cyttarocylis ehrenbergi. 
9. Tintinnopsis nordgqvisti. 10. Pelagic copepod eggs. 11. Copepod. 12. Sagitta sp. 
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INTRODUCTION 


THE carbon-nitrogen metabolism of micro-organisms varies in different 
genera and even between species within the same genus. Some prefer nitro- 
gen from inorganic sources, whilst others prefer organic nitrogen. The 
specificity among micro-organisms for the carbon and nitrogen source they 
utilize in their metabolism has been established. Considerable variations 
appear to exist among the many fungi studied in their ability to utilize differ- 
ent sources of nitrogen and carbon. The carbon-nitrogen requirements of 
micro-organisms have been reviewed by several workers (Klotz, 1923; 
Robbins, 1937; Steinberg, 1939, 1950; Gale, 1946; Foster, 1949; Hawker, 
1950; Lilly and Barnett, 1951; Fry, 1955), attention being directed pri- 
marily towards a choice of suitable sources of carbon and nitrogen for pure 
cultures. A general survey shows no one sugar is the best source of carbon 
and the source of energy for any micro-organism. However, the utilization 
depends on environment. 


The present paper deals primarily with the influence of carbon sources 
on nitrogen metabolism of two species of soil Fusarioses, i.e., Fusarium vasin- 
fectum and Fusarium udum which are responsible for the wilt of cotton and 
Cajanus cajan respectively. A study of the physiology of these fungi as to 
their carbon and nitrogen requirements is needed from several angles and the 
production of phytotoxin by Fusaria and various biological, genetic and 
cultural factors influencing toxin production in vitro, makes such a study all 
the more necessary. 


MATERIALS AND METHODS 
Cultures of Fusarium vasinfectum and Fusarium udum supplied by 


Centraalbureau voor Schimmelcultures (Baarn) were used in the course of 
these experiments. 


* Present Address: Research Assistant, Department of Biochemistry, Indian Institute of 
S cience, Bangalore-3. 
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The organism were grown in Richard’s nutrient solution (Rawlins, 1933). 
The carbon sources were varied by the use of glucose, mannose, galactose, 
fructose, maltose, sucrose, lactose, sorbitol, mannitol. With each carbon 
source, the following nitrogen sources were used in combination, sodium 
nitrate, potassium nitrate, ammonium nitrate, ammonium chloride, ammo- 
nium sulphate. Equivalent quantities of carbon and nitrogen sources were 
used so that 70 mg. of nitrogen and 2,500 mg. carbon sources were present 
in 50 ml. of the medium in 125ml. Pyrex Erlenmeyer flasks. The above 
C:N ratio has been established as the optimum for the strains under study 
(Natarajan, 1956). All the chemicals used were B.D.H. Analar grade and 
the water used was freshly distilled and nitrogen-free. The initial pH of the 
medium was near about 5-5. The standard procedures recommended in 
mycological work were followed in the preparation of the glassware. The 
media without sugars were sterilized by autoclaving at 15 lb./sq. inch steam 
pressure for 15 minutes and the sugar solution separately sterilized was incor- 
porated into the basal solution before inoculation. The organism prior to 
inoculation was grown on potato-dextrose agar slants. On the tenth day 
a spore suspension of the fungus was obtained in sterile distilled water and 
1 ml. of this was added as inoculum to 50 ml. medium. All the culture 
flasks were incubated at laboratory temperature (28-32° C.) and at intervals 
of 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 days, six flasks were taken out for analysis. 
The fungus was harvested by filtering off the cultures on previously weighed 
Whatman No. 42 filter-papers. The mycelial mat contained in the filter- 
paper was then dried to constant weight at 45°C. Total nitrogen in the 
fungal mat was estimated by microkjeldahl procedures. 


DATA AND DISCUSSION 


The normal metabolism of F. vasinfectum and F. udum was characterized 
by a steady increase in mycelial weight and nitrogen in the mat with time. 
With each nitrogen source, the order of efficiency of carbon sources for maxi- 
mum growth was Fructose > Sucrose > Maltose > Glucose > Mannose > 
Lactose > Mannitol > Galactose > Sorbitol (Figs. 1-10). These features 
hold good also for the total nitrogen accumulation in the mat with both fungi 
(Figs. 11-20). The influence of carbon source on the utilization of nitrogen 
compounds is quite unmistakable. Utilization depends upon two factors: 
the ability of the fungus to utilize some of the simpler compounds directly 
and the ability of the organism to convert more complex carbohydrates into 
those that can be used directly. In the former case, the determining factor 
will be the molecular structure of the carbon compound while in the latter 
the production and activity of the carbohydrases associated with the fungus 
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would be of equal importance. The good growth of the fungus in fructose, 
glucose and mannose may be associated with their chemical similarity, since 
these are readily inter-convertible, have the same configuration in the carbon 
atoms of the pyranose ring, and produce the same hexose phosphate. Galac- 
tose differs from these sugars in all the features. The results suggest that 
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these differences make galactose a less satisfactory carbon source. Mannitol, a 
hexahydric alcohol clearly related to glucose, fructose and mannose, is found 
to be a better carbon source than galactose thus confirmnig the importance 
of steric configurations. Of the different disaccharides, again a specificity 
is noticed. Variations in the rate of use and quantity utilised being quite 
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distinctly noticed. This specificity indicates both the ability of the fungi 
to digest or hydrolyse them into monosaccharides and the importance of 
the type of monosaccharides formed by such hydrolysis. The ability to 
hydrolyse the disaccharides has been established by separate experiments. 
One of the hydrolytic products of lactose is galactose which has been observed 
to be poorly utilized and hence slow growth may be expected. This has 
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been noticed in the present work. Sucrose gives a better growth than maltose 
because in the former, fructose is one of the products produced in equivalent 
amounts. It is observed that fructose is the best carbon source and there 
appears also some difference in the manner in which fructose, glucose, suc- 
rose, maltose are utilized so that sucrose and maltose are not entirely re- 
placeable by the end products of their hydrolysis. The labile furanose form 
fructose is possibly even better utilized than the pyranose and thus plays a 
significant part in the metabolism. The greater growth with maltose com- 
pared to glucose can be attributed to the higher concentrations of glucose. 


The author (Natarajan, 1956) has previously reported that nitrates and 
ammonium salts have opposite effects on the acidity of culture media; other 
conditions being the same the consumption of nitrate ions leads to increased 
alkalinity while the utilization of ammonium ions leads to higher acidity. 
Further ammonium nitrate behaves like a true nitrate medium in that pH 
tends towards neutrality. Since the efficiency of the carbon source follow 
the same order irrespective of the nature of the nitrogen source, it can be 
said that Fusaria are able to grow in media covering a wide range of pH by 
the production of mechanisms whose action is to neutralise the external 
acidity or alkalinity and so tend to stabilise the internal environment. Thus 
growth in an acid medium promotes the formation of enzymes catalysing re- 
actions with alkaline end products and inhibits the formation of enzymes 
having acid-forming actions. 


SUMMARY 


When mat weight and nitrogen in the mat is considered as a criteria of 
growth, the efficiency of carbon sources is of the same order irrespective 
of the nature of the nitrogen source in the medium. Fusaria utilize nitrate 
nitrogen, ammonia nitrogen in the presence of various carbon sources. That 
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nitrogen metabolism is a function of carbon source is brought out by the 
different rates of growth and their nitrogen accumulation in the mycelium. 
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EXPLANATION OF TEXT-FIGURES 


Fics. 1-10. Show the rate of mat produced by the fungi grown on various carbon and 
nitrogen sources at different intervals ofincubation. a = Fructose medium; b = Sucrcse me¢iur:: 
c = Maltose medium; d= Glucose medium; e = Mannose medium; f= Lactcse medium; 
g = Mannitol medium; fh = Galactose medium; i = Sorbitol medium. 


Fics. 11-20. Show the rate of accumulation of nitrogen in mat by the fungi grown on various 
carbon and nitrogen sources at different intervals of incubation. a= Fructose medium; 
b = Sucrose medium; c = Maltose medium; d= Glucose medium; e = Mannose medium: 
f= Lactose medium; g = Mannito] medium; A = Galactose medium; i = Sorbitol] medium. 
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INTRODUCTION 


THE Rampur or Ib River coalfield is named after Rampur (21° 47’: 83° 56’), 
a village situated 24 miles north of Sambalpur. This coalfield is a part of 
the Raigarh-Hingir field and is included in the Mahanadi group of Gondwana 
formations. The area of the Rampur coalfield is about 200 sq. miles. 


The area was visited in the winter season of 1954 by Mr. I. A. 
Faroogi, M.Sc., a research student in the Department of Geology in this Uni- 
versity, at that time. Mr. Faroogqi visited the different collieries in this field 
and made a representative collection of coal samples with a view to study 
the origin and composition of these coals. Unfortunately, he left the 
Department before completing this work and passed on the material to the 
author for examination and description. 


GEOLOGY OF THE AREA 


The basement rocks are the Archean gneisses and metamorphic rocks. 
The Gondwana formations comprise of the Talchir series at the base, followed 


345 





346 P. N. GANyu 


by the Damuda and Mahadeva formations. The Damudas are divisible 
in two parts, the Barakar or coal measures below and the Hingir beds above. 
The Hingir beds are probably the equivalents of the Raniganj series, but 
resemble the Mahadeva formations and are barren of coal seams. Fox 
(1936, p. 170) says: “‘So far as we have fossil evidence the presence of the 
Hingir (Kamthi facies of the Raniganj) beds has been established, and the 
Mahadevas are assumed present above them.” 


Surveys of the part of the area were done by V. Ball in 1871 and 1875, 
and a series of borings were made under the direction of W. King between 
1884-86, but although a large number of thick seams were located, the quality 
of coal in every case was found to be inferior. 


Reader (1901) examined the coalfield in detail in 1900. He found that 
the beds dip gently westward. Among the many seams of coal struck, which 
were from 4-17 feet thick, Reader found only four seams of workable thick- 
ness. Of these the Ib River seam was the only workable seam which had low 
ash content. The thickness of this seam in the best section obtained was 
7 feet 10 inches with an interbedded band of hard bituminous shale 8 inches 
thick. He found that this seam was faulted. Fox (1936, p. 173) calculated 
that the coalfield contains “‘a rough total of 140 million tons of coal, prob- 
ably all within a depth of 600 feet from the surface. Allowing 40 million 
tons for loss there should be 100 million tons of coal available between the 
Lamtibahal nala, the Lilari River, and the Bengal-Nagpur railway line in the 
Rampur seam’’. 


There is no evidence of any major faulting in the area. 


A working colliery was established in 1909 and 830 tons of coal were 
mined by 1910. Mining commenced in 1929 at the Rampur-Hingir colliery, 
while the Ib River colliery began working in 1940. The Ib River seam near 
the railway bridge and the thick coal from the Rampur colliery show better 
quality coal. The latest figures available show that 310,908 tons of coal were 
raised from this coalfield in the year 1956. 


Coal seams 


There are now three collieries working in this coalfield and these are 
named the Rampur, Orient (Birla) and Ib River (Lamtibahal) collieries. Out 
of the eleven pits in the Rampur colliery only pit Nos. 9 and 11 are working 
at present. The bottom seam called the Rampur seam which is about 10 feet 
thick is being worked in this colliery. In the Ib River colliery the lower 9 feet 
coal of the bottom seam which is about 14} feet thick is being worked. This 
coal appears to be of a better quality than that in the Orient colliery and shows 
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thin bands of vitrain. Here the seam is known as the Ib River seam. In 
the Orient colliery also the bottom seam called the Rampur seam which is 
about 11 feet thick is being worked. The coal is rather durainy in nature 
and contains more ash. 


MICRO-STRUCTURE 


Although the Rampur coals are banded in appearance, the distinction 
between the bright and dull bands is not so prominently displayed as in a 
typical bituminous coal. The major part of the coal is composed of durain 
or micro-fragmental material, while vitrain occurs in thin irregular strips 
as a minor constituent. 


An examination of thin sections of these coals has revealed that their 
interest lies largely in the nature of microfragmental constituents compris- 
ing the durains. The megaspore exines are of special interest as they have 
been found to belong to distinct types and their study may prove of con- 
siderable help in the correlation of coal seams in this coalfield. 


The vitrinite is composed mostly of woody tissue showing the structures 
illustrated in Plate XXXIII, Figs. 2, 3 and 4. Bark tissue forms a minor 
constituent and the prevalent structure shows well preserved stone cells which 


appear in Plate XXXIII, Fig. 5. Resin canals are dominant in the woody 
tissues and in transverse section they appear as oval or rounded bodies filled 
with a light brown substance often including large number of minute air 
bubbles. This is clear in Plate XXXIII, Fig. 2, which shows a cluster of oval 
resins in transverse section. 


A conspicuous feature of the woody fibres is that they are densely filled 
with fine granular material. Plate XXXIII, Fig. 4, illustrates the longitudinal 
section of a woody tissue showing dark patches which are actually composed 
of minute rounded opaque or semi-opaque grains packed very closely. Such 
fillings are common in the vitrinite of Indian coals and the nature and origin 
of this material has been discussed by the author in detail in an earlier paper 
(1955). 


Vitri-fusinite exhibiting bogen structure also occurs as a minor consti- 
tuent. Plate XXXIII, Fig. 1, illustrates a vitri-fusinite band showing clear 
bogen structure in sharp contact with a band of vitrinite. Plate XXXIII, 
Fig. 3 shows the vitri-fusinite tissue on the right-hand side passing into fibres 
with scalari-form thickenings in the centre. It is clear that this vitri-fusinite 
tissue approaches more near to fusinite than to vitrinite in its opacity. 


Fusinite bands are less abundant. A band of fusinite wedged in between 


bands of vitrinite is seen in Plate XXXIII, Fig. 8. The woody structure of the 
B3 
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fusinite is quite evident. Here and there it shows signs of crushing due to 
compression. The cavities of the cells are empty. 


Durains 


As stated earlier the durain forms a most dominant component of these 
coals. The micro-fragmental constituents of durain are interesting as they 
include exines of megaspores in large numbers. The microspores also occur 
abundantly so that these durains may be termed as spore-durains. Vitrinite 
occurs sparsely in thin fragments and this is true of fusinite also. A part of 
fusinjte is found in finely disseminated state thoroughly mixed up with the 
finer constituents of durain. Mineral grains are small in size and include 
the common type of minerals found in coals. 


Some typical durains of Rampur coals are illustrated in Plate XXXIV, 
Figs. 1-4. Figure 1 shows a durain type in which thin vitrinite fragments are 
rather numerous. These are intimately mixed with the general mass of 
durain. Although this durain contains microspores in large numbers, the 
megaspores are less common. Another type of durain exhibiting thin bands 
of fusinite appears in Fig. 2. Here small balls of fusinite are also seen in 
the right-hand side; and the general mass of durain shows fine granular 
fusinite distributed amongst the constituents. This durain also is rich in 
microspores. Figures 3 and 4 show durains rich in megaspore and micro- 
spore exines. The vitrinite and fusinite are much less in abundance, but 
granular fusinite occurs in a disseminated form. A thick-walled megaspore 
exine is seen in the centre right-hand side in Fig. 3, while in the upper central 
part a moderately thin-walled megaspore exine is conspicuous. A large 
number of thin-walled megaspore exines mixed up with the general consti- 
tuents of durain appear in Fig. 4. Micrinite is a common constituent of all 


the durains. Fungal bodies occur rarely. No fungal spores have been 
observed. 


A well preserved cuticularized tissue is exhibited in Plate XXXIII, Fig. 9. 
The cuticle is seen here in distinct bands of considerable length but relatively 
narrow in width. One of its edges is smooth and the other serrate. The 
cuticular matter is also present in a fragmentary form mixed up with the 
spore exines in the durain. 


Sporangium like bodies with the included spores are of wide occurrence 
in these coals. A well preserved thick-walled sporangium appears in Plate 
XXXIII, Figs. 6 and 7. Figure 6 shows the complete sporangium, while Fig. 7 
shows a part enlarged to bring out the nature of the spores. The sporangium 
wall is much elongated and compressed at the lower end in Fig. 6. Towards 
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the upper end the sporangium is seen to include a large number of rounded 
spores closely packed up in a pale yellow substance. In the central part of 
Fig. 7 the individual spores can be clearly observed. In all probability this 
object is an immature micro-sporangium including microspores in large 
numbers. 


The megaspore exines 


An interesting feature of the durains of Rampur coals lies in the presence 
of large number of megaspore exines in different forms. These are illustrated 
in Plate XXXV, Figs. 1-12. It has been observed that some seams show 
distinct types of exines and their comprehensive study may yield adequate 
data to enable a satisfactory correlation of the coal seams in this coalfield. 


A group of folded filament-like bodies resembling a cluster of megaspores 
appear in Plate XXXV, Fig. 4. 


On the basis of their form and surface ornamentation the megaspore 
exines in these coals can be classified into five distinct types. Of these the 
first three have been found to occur in the seam of the Orient colliery and the 
remaining two in that of the Rampur colliery. The distinct features of each 
type are given below:— 


1. This type shows very thin-walled smooth megaspores as observed 
in Plate XXXV, Fig. 1. The exine is fairly long and shows a thin hair-like 
projection at one end. It occurs in the coals of the Orient colliery. 


2. Moderately thick-walled corroded megaspores with short thick out- 
growths. Plate XXXV, Figs. 2 and 3 illustrate this type which is prevalent in 
the seam of the Orient colliery. These spores are elongated. 


3. Thick-walled spinose megaspores. Plate XXXV, Fig. 8 and Plate 
XXXIV, Fig. 3 (in the right-hand centre) show this type of exine which is 
characteristic of the seam in the Orient colliery. This type is smaller in size 
as compared to others. 


4. Thick-walled megaspores with fleshy tubercles and with short thick 
outgrowths. This type is characteristic of the seam in pit No. 10 of the Ram- 
pur colliery. These exines are shown in Plate XXXV, Figs. 5, 6 and 7. 


5. Moderately thick-walled megaspores with small rounded tubercles, 
surrounded by fine ramenta and with tuft-like outgrowths. This type is 
also characteristic of the seam in pit No. 10 of the Rampur colliery and 
appears in Plate XXXV, Figs. 9, 10, 11 and 12. 


It is clear that the various types of spores enumerated above are pre- 
dominant in the coals of the Orient and Rampur collieries. The seam in 
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the Orient colliery is especially rich in the megaspore exines and shows a 
variety of forms. The coals of the Ib River colliery do:not show any charac- 
teristic type of megaspores and are generally lacking in these spores. 


SUMMARY AND CONCLUSIONS 


The Rampur coals are not distinctly banded and the major part of coal 
is composed of durain or micro-fragmental material. 


Vitrain occurs as a subsidiary component in thin irregular strips. | 


It consists mostly of woody tissues, and bark material forms only a minor 
constituent. 


_ The main interest of these coals lies in the nature of the micro-fragmental 
material constituting the durains as it includes megaspore exines in large 
numbers. These exines occur in a variety of forms showing varied surface 
ornamentation and some seams show distinct types of exines. At least five 
types of exines have been recognized out of which three are restricted to the 
seam being worked in the Orient colliery, and two to the coals of the Rampur 
colliery. The coals of the Ib River colliery are generally lacking in megaspores. 
The. microspores.are present in large numbers, so that these durains may be 
termed as spore-durains. Vitrinite is scarce and occurs in thin fragments when 
present and this is true of fusinite also. Some fusinite occurs in a finely 
disseminated state mixed up with the finer materials of durain. Micrinite is a 
common constituent of these durains. 


In these characters the Rampur coals are quite distinct from the coals 
of the Damodar Valley coalfields and also from those of the Daltonganj, 
Hutar and Talcher coalfields. 
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EXPLANATION OF PLATES 
(All figures are from thin sections) 
Pate XXXII 


Fic. 1. A band of vitri-fusinite showing bogen structure in sharp cortact with a vitririte tard 
in ‘the upper. part.. -_Rampur colliery, pit No. 11,.:x 310. 
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A cluster of oval resins in vitrinite in transverse section. Rampur colliery, pit No. 11, 
x 300. 


Vitri-fusinite tissue on the right-hand side is seen to pass into fibres showing scalariform, 
thickenings in the centre. Orient colliery, x170. 


Longitudinal section of woody tissue in vitrinite showing the compact cavity fillings of 
a dark granular material. Ib River colliery, 740. 

Bark tissue in vitrinite showing stone cells. Rampur colliery, Pit No. 11, x170. 

A thick-walled micro-sporangium showing the included microspores in a pale yellow 
material. Ib River colliery, x52. 


A part of micro-sporangium in Fig. 6 enlarged to show the round and oval microspores. 
x170. 

A fusinite strip wedged in between bands of vitrinite. The fusinite shows scalariform 
thickenings and evidence of crushing. Rampur colliery, Pit No. 11, x170. 


A well preserved cuticularized tissue in durain showing serrate edges. Rampur colliery, 
x 170. 


PLATE XXXIV 


Durain showing numerous vitrinite fragments intimately mixed with its constituents. 
The short, narrow, slightly wrinkled and much compressed white bodies seen abund- 
antly are microspores. Orient colliery, x52. 


A durain type showing thin bands and rounded bodies of fusinite. The general mass 
of this durain includes fine granular fusinite amongst its constituents. Microspores 
occur abundantly. ‘Ib River colliery, x52. 


This durain is rich in m2gaspore exines. A thick-walled exine is seen in the centre right- 
hand side while in the upper central part a moderately thin-walled exine is conspicuous. 
Microspores occur in large numbers. Orient colliery, x52. 


Durain showing thin-walled megaspore exines mixed up with its other constituents 
amongst which the microspores are quite common. Orient colliery, x52. 
PLATE XXXV 


A thin-walled smooth megaspore. The exine is fairly long and shows a thin hair-like 
projection at one end. Orient colliery, x52. 


and 3. Moderately thick-walled corroded megaspore exines with short thick out- 
growths. Orient colliery, 170. 


A group of folded filament-like bodies resembling a cluster of megaspores. Ib River 
colliery, 170. 


Fics.5,6and7. Thick-walled megaspore exines with fleshy tubercles and short thick outgrowths. 


Fic. 8. 


Fics. 9, 





Rampur colliery, Pit No. 10, x170. 


Thick-walled spinose exine. A similar type of exine is shown in the right-hand centre 
in Plate XXXIV, Fig. 3. Orient colliery, 170. 


10, 11 and 12. Moderately thick-walled megaspore exines with small rounded tubercles, 
surrounded by fine rementa and with tuft-like outgrowths. Rampur colliery, Pit No. 10, 
x 170. 


CHROMOSOME NUMBERS IN INDIAN MEDICINAL 
PLANTS—II 


By R. SUNDARA RAGHAVAN AND C. M. ARORA 
(Central Botanical Laboratory, Allahabad) 


Received January 6, 1958 


(Communicated by Dr. E. K. Janaki Ammal, F.A.sc.) 


THE materials for this paper were obtained from the collection of medicinal 
plants grown at the Central Botanical Laboratory. These include plants 
from the States of Madras and Kerala collected by the Director and from 
Bombay by Dr. R. P. Patil, Botanist, as well as from the local Flora around 
Lucknow collected by us. As dealt in the first communication of the series 
of chromosome numbers (Sundara Raghavan, 1957) the aim of the investi- 
gation is to get a correct genetical picture of the medicinal plants of India 
which have so far received little attention from cytologists. 


The observations on these plants have been made both from pollen 
mother cells and root tips. Buds were fixed in acetic alcohol and stained 
with acetocarmine; in a few cases, staining with propionocarmine following 
the procedure outlined by Swaminathan et al. (1954) gave better results. 
Somatic squashes from the root tips of Naravelia zeylanica D.C. and leaf 
tips of Clematis gouriana Roxb. were made and stained with Feulgen follow- 
ing the normal schedule (Darlington and LaCour, 1947); the rest of the 
observations were from root tips fixed in chromo acetic-formalin, sectioned 
at 12 and stained in crystal violet. Camera lucida drawings were made 
and the appropriate magnification is given at the end of each drawing. 


In all 31 species were examined covering 24 genera of which the follow- 
ing 6 genera, namely, Naravelia, Kedrostis, Caralluma, Biophytum, Ceriops 
and Avicennia have been examined for the first time. As far as we know 
the chromosome numbers of the 15 species marked (*) have not been reported 
before this. In the case of 5 species marked (7) our observations differ 
from previous findings while in the remaining 11 plants the chromosome 


numbers are the same as reported by previous research workers (vide Darling- 
ton and Wylie, 1955). 


Of the species belonging to genera not examined before this, Naravelia 
zeylanica D.C. collected from Kerala is a climber and like Clematis gouriana 
352 









Chromosome Numbers in Indian Medicinal Plants—II 











x1800 6 x1800 

Text-Fics. 1-6. Fig. 1. Somatic metaphase of Clematis gouriana showing 2 n = 16 chromo- 
somes, 1,200. Fig. 2. Somatic metaphase of Naravelia zeylanica showing 2n = 16 chromo- 
somes, X1,200. Fig.3. Nymphea stellata var. versicolor (MI; n = 42), x2,400. Fig. 4. Nym- 
Phea lotus( MI; n = 42), x2,400. Fig. 5. Reinwardtia trigyna (Diakinesis showing mn = 11), 
x 1,800. Fig. 6. Biophytum sensitivum (MII; n=9), x1,800, 
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x1800 


TexT-Fics. 7-18. Fig. 7. Kedrostis rostrata (Late MI; n = 13), x2,800. Fig. 8. Ceriops 
candolleana (MII; n=18), x1,800. Fig. 9. Sterculia urens (MI; n=20), x1,500. 
Fig. 10. Somatic metaphase of Phyllanthus urinaria showing 2n = 52 chromcscmes, X2,800. 
Fig. 11. Crotalaria medicaginea var. luxurians (MII; n=8), x1,800. Fig. 12. Pongamia 
pinnata (Diakinesis showing nm = 11), 2,100. Fig. 13. Clausena willdenowii (Diakinesis show- 
ing m= 18), x2,400. Fig. 14. Somatic metaphase of Caralluma attenuata showing 2 n = 22 
chromosomes, x 2,800. Fig. 15. Mussenda luteola (MII; n = 11), x2,400. Fig. 16. Avicen- 
nia alba( MI; n = 33), x1,800. Fig. 17. Somatic metaphase of Cymbopogon jwarancusa show- 
ing 2n = 20 chromosomes X2,800. Fig. 18. Somatic metaphase of Cymbopogon martini var. 
Sofea showing 2n = 20 chromosomes, x2,800. 
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Roxb. is a diploid with 2m = 16. These two members of Ranunculacee 
examined during the present studies both have x = 8 which is a very common 
basic number in this family. 


Kedrostis rostrata (Rottl.) Cogn., used as a specific for asthma, was 
collected from Kurdimalai, Coimbatore, by the senior author and is distinctly 
South Indian in its distribution. It has the basic number x = 13 which is 
found only in two other genera of the family Cucurbitacee namely Cucur- 
bitella (Covas and Schnack, 1946) and Luffa (McCay, 1930). 


Caralluma attenuata Wight. a plant of medicinal value is also edible 
and is used as a vegetable in the South by Tribals. 


Biophytum sensitivum (L.) D.C., a plant extensively used in indigenous 
medicine has the basic number x = 9. 


Both Ceriops candolleana Arn. and Avicennia alba Blume, are mangrove 
plants collected from Bombay by Dr. R. P. Patil. They are rich in tannin, 
the bark being of medicinal value. The decoction from the shoots of Ceriops 
candolleana Arn. is reported to be used as a substitute for quinine on the 
African Coast. 


Of the new species examined, Sterculia urens Roxb. is a diploid like all 


the other species of the genus Sterculia reported so far (Darlington and Wylie, 
1955). Phyllanthus urinaria L. (4 x) collected from Madras State is used as 
a fish poison and has alkaloid principles of medicinal value. The somatic 
number 2 n = 52 reveals the existence of polyploidy in the genus as P. niruri 
L. was found to have 2m = 26 (Sundara Raghavan, 1957). Polygonum 
glabrum Willd. (n = 33) a common plant found in semi-aquatic wet places is 
a hexaploid like P. amphibium (Jaretzky, 1928) with the basic number x = 11, 


The genus Sida is known in India from ancient times for its medicinal 
properties that are useful in the treatment of the disorders of the nervous 
' system. Skovsted (1941) has observed both diploid and tetraploid forms in 
Sida acuta Burm. (2n =14 and 28) and in Sida rhombifolia L. (2n = 14 
and 28). Of the 2 species examined from Lucknow during the course of the 
present investigation Sida acuta Burm. was found to be a diploid whereas 
Sida rhombifolia L. was a tetraploid. 


The diploid number of Reinwardtia trigyna Planch. has been reported 
by Kishore (1951) as 2m = 20 but our observations differ from this. We find 
n = 11 in the plants examined at Lucknow. In the case of Pongamia pinnata 
(L.) Merr., Atchinson (1951) has recorded 2 = 20 and Patel and Narayana 
(1937) 2m = 22 for the species. Our findings agree with that of the latter 
authors. 
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During the course of the present studies, two species of Nymphaea, i.e., 
N. stellata and N. lotus have been examined, both of which are used medi- 
cinally. They were collected from Chinhat Lake near Lucknow and both 
show 2n = 84 clearly indicating their hexploid nature. Langlet and Soder- 
berg (1927) have previously observed only the diploid form of N. stellata 
and tetraploid form of N. Jotus. 


The genus Cymbopogon grown extensively for its essential oil found in 
its leaves is interesting in that it shows a fine range of polyploidy with the 
basic number x = 10. Of the 5 species investigated by us, 4 species are 
diploids while Cymbopogon confertilflorus Stapf. is a hexaploid (2 n = 60). 
Babu (1936) has reported the somatic number of C. martini as 2n = 40 
(4 x) but for the first time the diploid form in this species has been recorded 
by us in the variety Sofea from Coimbatore. 


The following is the list of chromosome numbers studied: 





Family and Name Vernacular Names Numbers 


Chromosome 





Rananculacee 
*Clematis gouriana Roxb. English: Indian Tra- 
vellers’ Joy 


Hindi: Moriel 


2n=16 


* Naravelia zeylanica D.C. 2n=16 


Nympheacee 


{tNymphaa stellata Willd. var. | Hindi: Nilkamal 


versicolor 
+Nymphea lotus L. .. 
Capparidacee 
Crateva nurvala Buch. Ham. 


Polygonacee 
* Polygonum glabrum Willd. 


Chenopodiaceae 
Chenopodium album L. 
Chenopodium ambrosoides L. 


Linace@e 


+ Reinwardtia trigyna Planch. .. 


Oxalidacee 


* Biophytum sensitivum (L.) D.C. 


Hindi: 


Hindi: 


Hindi 
Tamil: 


Hindi: 


Ambal 


Barun 


: Raktarohida 


Atlaria 


Bethusag 


English: Mexican Tea 


Hindi: 


Basant 


Hindi: Lajalu 


2 n=84 (n=42) 


2 n=84 (n=42) 
2 n=26 (n=13) 
2 n=66 (n=33) 
2n=18 (n=9) 
2 n=32 (n=16) 
2 n=22 (n=11) 


2 n=18 (n=9) 
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Family and Name Vernacular Names ’ Chromosome Numbers 





Cucurbitacee 


* Kedrostis rostrata (Rottl.) Tamil: Appaikovai 2 n=26 (n=13) 
Cogn. 
Rhizophoracee 

*Ceriops candolleana Arn. .. Tamil: Pandukutti 
Sterculiacee 

*Sterculia urens Roxb. .. Hindi: Karai 


Malvacee 


2 n=36 (n=18) 
2 n=40 (n=20) 


Sida acuta Burm. .. .. Hindi: Bariara, Bala 2n=14 (n=7) 
Sida rhombifolia L. .. English: Sida Hemp 2 n=28 (n=14) 


Hindi: Swetbarela 
Euphorbiacee 


* Euphorbia hirta L. .. .. Hindi: Dudhi 2n=20 
* Phyllanthus urinaria L. .. Hindi: Hazarmani 2 n=52 
Tamil: Shivappunelli 
Papilionacee 


Crotalaria medicaginea Lam. Hindi: Gulabi 
var. luxurians 


Butea monosperma Kuntze. .. Hindi: Dhak, Palas 
+ Pongamia pinnata (Linn.) Merr. Hindi: Karanja 
English: Pangam 


2 n=16 (n=8) 


2 n=18 (n=9) 
2 n=22 (n=11) 
Rutacee 


*Clausena willdenowii Wight & 
Arn. 


Asclepiadacee 

*Caralluma attenuata Wight. .. Tamil: Bakri 
Rubiacee 

* Mussenda luteola Hochst. 


2 n=36 (n=18) 


2 n=22 


2 n=22 (n=11) 
Verbenacee 


* Avicennia alba Blume .- Telugu: Gundumada 2n=ca 66 (n=ca 33) 
Zingiberacee 
Curcuma amada Roxb. .. English: Mango Ginger 
Hindi: Amhaldi 
Kampferia galanga L. .. Hindi: Chandramula 


2n=42 


2n=54 
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Family and Name Vernacular Names Chromosome Number 
Gramineae 

*Cymbopogon jwarancusa Schult. Hindi: Lamjak 2n=20 
*Cymbopogon confertiflorus 

Stapf. Toda bomba 2n=60 

TC. martini Wats var. Sofea .. English: Ginger grass 2n=20 

C. nardus (Linn.) Rendl. .. English: Citronella 2n=20 

grass 


Tamil: Kamachipillu 
Hindi: Ganjni 
C. flexuosus Wats. .. English: Malabar 2n=20 
lemon grass 





SUMMARY 


The paper deals with the chromosome numbers of 31 species of medi- 
cinal plants collected from South India, Bombay and Uttar Pradesh. The 
chromosome numbers of 15 species are reported for the first time, 6 of them 
being now generic counts. In the case of five plants, our findings differ from 
previous observations. 
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